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SUMMARY 
In 1952-53 a survey was carried out in a Steelworks, 
in order to compare the state of the lungs of furnace 
repairers, working with silica bricks, with that of a 
group of rolling mill workers . This showed that, apart 
from age and the presence or absence of a history of 
specific Pulmonary diseases, the principal factor Which 
influenced the symptoms and the results of quantitative 
tests was Tobacco consumption . ~hen allowance was made 
for these, a slight difference could be discerned to the 
disadvantage of the group of bricklayers working with 
silica bricks . 
After a lapse of twelve years, this study was 
repeated in order to ascertain the deterioration of 
the different groups in respect of lung function . 
During this follow-up study the co-operation of 
the potential subjects was much less complete than 
in the or inal investigation, only 43 bricklayers and 
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dismantlers participated out of a possible 150 remaining 
from the original 8tudy; while from the rolling mills 
67 out of 128 volunt eered . The changes observed in the 
two groups 8howed no consistent differences . 
The ratio of residual volume to total lung capacity 
increased in almost all subjects . The amount of the 
increase did not differ significantly between the mill 
workers and the furnace repairers . 
In respect of mixino efficiency, some individuals 
improved while others deteriorated . In the case of the 
mill workers the mean change was - .% which is less 
than the standard error of the difference , while for 
the furnace repairers the change was + 7 . 1% (S .E . 3 . 30) 
which is significant at the 5% level . These may be 
compared with an expected change of about - • • 5%. 
The values of the Maximum Breathing capacity showed 
a marked decline . However , an uncertain proportion of 
this must be attributed t o personal differences between 
the observers . 
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Symptoms: -
--------
It was observed in an earlier study that, whereas 
among the rolling mill workers there was consistent and 
in some cases significant association between smoking 
on the one hand and chest symptoms on the other, among 
the furnace repairers this association was reducedo 
These relationships persisted twelve years later. 
The investigation was extended to further g roups of 
workmen in another firm to determine whether these 
associations are more general . 
In the second firm employees in the following 
departments were examined:-
The departments were arbitrarily classified as 
clean and dusty . 
Clean 
Joiners 
Bar IV 111 
Machine Shop 
Dusty 
Foundry 
Siemens ' Melting Shop 
Furnace Repairers. 
.:1,.. 
The results were analysed by the technique of multiple 
regression analysis, non quantitative factors were 
introduced as artificial variables; by this means it 
was found that there is no difference in lung function 
tests between the clean and dusty jobs . 
For analysis of chest symptoms the subjects were 
divided into :-
I) Non Smoke rs . 
2) Moderate Smokers. 
3) Heavy Smokers. 
and standardized rates were calculated for these symptoms 
for each group . 
It was found that the symptoms among heavy smokers 
of all ages were very much conunoner than among Irlode-re.te and 
non smokers. 
In addition at all ages and for all Tobacco 
consumption the symptoms were slightly more common 
among the dusty jobs than the clean ones. 
CHA PTER 1 
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TI'frROWCTION 
It is generally supposed that exposure to the dust , 
smoke, and irritant gases which occurs in a steelworks 
must have a deleterious effect upon the lungs of the 
workers exposed to this atmosphere . Further, the 
possibili ty exists that the dust from furnace lin:i.ngs 
containing appreciable amounts of silica ~ cause 
pulmonary f'ibrosis in exposed workers . It is probable 
that those steelworks employees engaged on repairing, 
dismantling and reconstructing open hearth furnaces are 
more exposed to silica dust than others . Accordingly, 
in 1952- 53 a survey was carried out at a Sheffield steelvrorks 
in order to compare the condition of a group of furnace 
repairers with that of a slinilar number of men employed in 
rolling mills . 
The incidence of X- ray abnormality (pneumoconiosis 
grade I or more) was not significantly different in the 
two gr:'oups, and the spirometric measurements and tests 
of lung functions which were applied showed slight 
differences onlyc These differences occurred only in 
respect of bricklayers , a group of men vmo because they vrere 
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If skilledll have been employed only as f'urnace bricklayers , 
or in the building trade smce they were apprenticed. 
The dif'f'erences only became clear when the comparisons 
were restricted to non-smokers of equivalent age . 
In view of' current concern with the possible influence 
of occupational conditions on the development of' chronic 
bronchitis it appeared that it might be instructive to repeat 
these measurements on the same group of' workers in order to 
determine whether there has been any dif'ference in the degree 
to vmich their lung function has deteriorated. 
The first part of this thesis describes the result of' 
this follow up study . 
C H APT E R 2 
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m.vIE.W OF LITSRATURE 
In 1950 Mc laughlin et al carri ed out an investigation 
of 3.059 workers in 19 foundries o They found that the 
crude f~'es of mean vital capacity shovred a general 
reduction with increasing severity of lung change for 
each of the Iron , Steel and mixed dust exposw.'e groups J 
and when allo'wBnce for age is made , it is found that f'or 
the Iron exposure group - there is still a reduction in 
vital capacity with increasing lung change , the reduction 
being significant between X ray groups I and II and between 
X ray groups 3.. and X ray groups ill and IV . The reductions 
in the mixed iron and steel groups were not significant and no 
reduction was ob~erved in the steel group . 
In 1955 Gilson and Hugh Jones undertook an investigation 
wi th the object of determining the precise course of the 
breathlessness in South 'Wales Coal Mines and of relating 
its severity to the X ray changes in the lungs . They used 
a battery of puL"1lonary tests . Their results showed that the 
dyspnea on exertion occurring in men vri th Pneumoconiosis is 
due mainly to a reduction in the maximum ventilatory capacity 
.. 
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o~ the lungs , thoueh there i s also an increase in the 
ventila tory requirements ~or exercise. 
In 1959 Higgins , Cochrane et al desi8rled an investigation 
to carrpare the prevalence of bronchitis and respiratory 
disability in a representative sample of miners , fouridry 
wOl~kers and other industrial groups living in Staveley, 
Derbyshire , a tmm of some 18, 000 inhabitants, and to 
study some of the possible aetiological ~actors. They 
showed that in the pure f oundry workers there is no 
higher prevalence of respiratory symptoms and bronchitis 
nor a lower ventilatory capacity than the men in non dusty 
occupa tions • On the other hand the group of mixed ~oundry 
workers did appear materially worse. They also found the 
follo\Vil'l.g:-
A - Dust JRsposure 
The figures for symptoms according to the number of years 
spent on the coal getting shift do not suggest that the 
t otal quantity of coal dust played a very large part in 
the development of symptoms. 
B - Tobacco Smok:j.ng 
Smoking is associated with an increase in respiratory 
symptQ~S and a reduction in ventilatory capacity. 
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2-= Atmospheric Pollut~~ 
No striking difference between town and country \7aS 
observed in the prevalence of persistent cough and 
sputum or qyspnea . 
In 1960 Gilson and Olsen in an Angle-Danish comparison 
on respiratory symptoms , bronchitis and ventilatory capacity 
in men aged 55- 64 found. that in R,tSnne and in two agricultural 
areas in the U.K. the prevalence of symptoms is significantly 
lower in R,6nne. The mean (1.M. B.C. ) is significantly higher 
in R,Onne (106 rim) than in the U. • samples (92 L/m) . The 
differences are not explicable on the basis of differences in 
height , weight, density of population or atmospheric pollution, 
but possibly on smoking habits . 
There are more non- smokers inR,6nne and mat1iY fewer 
cigarette smokers than in the U. K. sample . Only in the 
small groups of non- smokers are there no physiological or 
clinical differences between R,tSnne and the U. K. sample . 
In R,t5nne there was a significantly lower (1.11 .B.C. ) and 
poorer single-breath N2 clearance in the pure cigarette 
smokers than in the cigar smokers , despite similar tobacco 
consumption . Also the higher average I .M.B.C . in R.Onne 
supports the conclusion that there is a real difference in 
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the prevalence of non- specif'ic chronic chest illness in 
the two countries . 
In 1961 adel and Comroe studied the 11 acute effects 
of inhalation of cigarette smoke on air w~ couductance 
and found that air way resistance i'TaS higher in women 
smokers, although there was no such difference between 
men who smoked and those who did not . These workers 
also found that the air \~ resistance of all their 
subjects was raised by the inhalation of cigarette 
smoke , and that this effect could be reversed or 
prevented by inhaling an aerosol of Iso rTenaline . 
In 1962 Higgins and Oldham in a five year follow- up 
stuqy of ventilatory capacity in miners and ex~iners 
with and wi thou t simple Pneumoconiosis with a control 
group of non- mining groups , assessinG the effect of 
ageing , mining, dust exposure and tobacco smoking . 
The change in (I.M. B.C. ) between the t wo surveys 
appeared to be independent of age . 
An average decline of 1 . 865 ! 0. 274 litres per 
minute each year in the (I.r.l • .t3 .C. ) was observed, 
and this fall was not significantly increased either 
by mining or by exposure to coal dust as measured by 
the number of years spent vrorking underground. 
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In non- miners the (I .M.B.C. ) fell more over 
the five years in the smokers than in the non- smokers 
or ex- smokers , and within the smoking group there was 
an increasing fall with increasing tobacco consumption. 
This was found to be less clear in miners and ex- miners . 
A greater fall in (I.;l\I .B.C. ) was observed in those 
with respiratory symptoms than in those without . The 
pattern is more consistent for the non- miners than for 
the miners and ex- miners . 
Prime et al (1963) undertook an investigation on the 
acute effect of smoking on the air w~ resistance 
using body plethysmograph and peak flow meter . He 
concluded that air way resistance is higher in 
cigarette smokers than in a parallel group of non-
smokers . The smoking of one cigarette increased air 
way resistance in both smokers and non- smokers , ylh.ereas 
the inhalation of Iso Prelk~line reduced the air way 
resistance in both groups. 
Motley (1963) studied the pulmonary function 
in Diatomite Industry . He followed up 38 Diatorni te workers 
on the job, after 3 to 5 years exposure . He found that 
progression in pulmonary function changes was present 
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in 14 of 38 cases restudied, and was of a severe degree 
in 4 of the group. A slight improvement was not ed in 
one case. He then compared the different lung tests 
~eing used, and mentioned that:-
1) Arterial Blood Oxygen saturation was the consistent 
change noted in all 14 cases. 
2) The decrease in the exercise oxygen uptake was the 
second hest measurement, and cha~ges on the 
ventilatory side (timed vital capacity and i.B. C. ) 
were of value in t wo cases . 
The changes observed in the residual air were not 
a significant factor in the evaluation of progression 
in this study. 
The follow-up study r evealed no progression in the 
X ray appearance of the workers . 
In 1964 - an Anglo-American comparison of the 
prevalence of bronchitis was carried out by Reid et al. 
By using similar respiratory symptoms questionnai~es 
and a single lung funct i on test (The Wri~ht Peak 
Flow Meter )in the t wo countries they found that the 
prevalence of "simple bronchitis" (chronic phlegm 
production) differs little 'bet ween American town and 
the rural and urban areas of Britain and that the 
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relation to cigarette smoking in particular is 0 ¥ious 
in the results from both countries . On the other hand, 
"complex bronchitis" with repeated chest illness and 
reathlessness is more common among older men in this 
country. After differences in age distribution and 
smoking ha its have .een taken into account the "complex 
ronchitis" appears to e a out equally common in the 
American town and in the rural areas of Britain. It is 
much more common, however , in the British towns and cities, 
especially among men. 
The results of their lung- function tests are consistent 
with the suggestion, of a higher prevalence of a more severe 
form of aronchitis among older males living in British ur an 
conditions • 
• R.C. Report 1966: on Chronic Bronchitis and Occupation reported that :-
Epidemiological evidence indicates that cigarette smoking, 
atmospheric pollution, geographical location and 
uncharact erized socio- economic factors are associated 
with the differences in the incidence rates for chronic 
ronchitis . Coal miners in whom these same associations 
are o.served, are exposed to relatively hi~h dust 
concentrations. However, on present evidence intensity 
of dust exposure does not appear to .e a very significant 
factor in determining the prevalence of ronchitis in this 
group of vlorkers . 
c H A p T E R 3 
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PORJI.ATIuN 
Initially this Respiratory ~unction survey has 
been carried out in one Steelworks (S . P. T.) on 
workers in the f'urnace building department , and on 
rolling mill workers . 
~'he a:im was to f'ind out: - The d~f'erence in lung 
functions between a group of men exposed to dust and 
smoke , from the furnaces , and a control group not 
exposed to such atmosphere ~ter 12 years o~ exposure. 
The earlier sUl~ey included around 400 bricklayers , 
and around 300 workers in the rolling mills as control. 
In 19~ the survey was repeated • 
. e went through all the old names and their files 
y/ere revised both in the Labour Office and !edical 
Department . vie identified the workers still employed 
with the firm, those who had retired or left, and. the 
dead . Some worlanen had changed their addresses , others 
had lef't the district , or gone abroad; all this 
information was rec orded on special personal cards. 
The causes of death were obtained either from the 
Medical Department , or from their Death Cert~icates .· 
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\'/e met the Trade- Union Representatives, and a 
Representative o~ the ianagement . le discussed the 
aim and the s~ety o~ these tests , agreement was 
reached and promise o~ help was received o 
The next step was to write an explanatory 
memorandum which was circulated to the worlanen concerned. 
'l'his explained the aim of the survey, asked 1'or help 
and co- operation, and reminded the men o~ the tests carried 
out in 1952; it was also mentioned that the new tests 
\vould show ~ there were any respiratory e~~ects after 
t welve yea:rs of exposure to their jobs . Finally it was 
mentioned that the investigation was supported by their 
Trade Unions, and that it was voluntary . 
Lists were made o~ the names of the subjec ts alreaqy 
examined in 1952- 54. le handed them to each responsible 
depariment , and explained to the s~f in charge the aim 
of the test , how many subjects le needed every morning, 
and afternoon . 'lIe then trans~erred all the equipment t o 
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the Medical Department of the factory , a convenient p l ace 
for the concerned departments . 
We started with the Bricklayers ' Department, and 
during the first four weeks, we received full 
co- operation. Subsequently there was a decline in the 
numbers attending, this was attributed by the manage-
ment to the unrest caused by a re- organization which 
involved a re-deplqyment of the labour force . ~ventually 
the floVl of volunteers ceased altogether, when only 89 
out of a possible 300 men had been examined. 
le then turned to the Bar 1.1ill workers; they were 
always willing to co- operate and vre got 185 volunteers 
out of 250 vrorkers . 
In the Strip Mill , the methods of payment made it 
difficult to release the number and the subjects required . 
r:ost of the volunteers we tested were under 20 years old 
with a total of only 60 subjects . 
Sixty- seven of 128 Bar ;iill workl:len already seen in 
1~52 were examined and only 43 out of' a possible 150 men 
in the Bricklayers ' Department were examined, due to the 
re-deployn:ent of the l abour force . 
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After one month of persistent trying, we were 
persuaded to give up and we removed our equipment . 
Meanwhile we sent letters to the retired, and those 
who had left, asking for their help and co-operation in 
coming to the University in order to repeat the lung 
tests done in 1952-54-. One-hundred and twenty letters 
were sent and we received the follow.ll1g replies:-
1) Only 7 agreed to co- operate and they were collected 
by car from their homes and returned after the test . 
2) Forty-~ight did not reply . 
3) Seventeen letters were retLU'ned by the Post-office 
of which five had been addressed to persons who 
were known to have gone away 0 
4) Five refused to co-operate . 
5) Ten widows r eplied, some of them were kind enough 
to mention the date and cause of death of their 
husbands 
We extended the investigation to a group of workers 
in another Steelworks (E. S. c. ) 
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Here we were able to examine j 4C1fo of' the Siemens ' Mel tine Shop 
and Bricklayers ' Department, 55Jb of Heat 'rreatment Shop, 6010 of 
Joiners ' Shop , 64% of Bar Mill Shop , 51% of Fo'Ul1.C3ry v/orlanen 
including:- Fettlers, Burners , [elders , Shot Blasters . 
15) 
TABLE OF TOTAL BXAl,mlf.ED 
-----------------------
(S . P. 'r . ) 
1 0 Ntunber of men examined in 1952- 54 and still present 
u 11 the above tI tI 1964- 66 
2 . Number of men examined in 1952- 54 and still present 
" 
11 the above 11 " 1964- 66 
30 Total number of' Furnace rlepairers examined in 1964-66 
4 . 11 11 " Bar Mill and Strip Mill " " 11 
(E . S. C. ) 
1. Total number of' men in Dusty jobs examined 
(Foundry - Mel tine Shop - Bricklaying Department) 
2 . Total number - of men in clean j obs examined 
(Bar Mill - Joiners - Machine ShOp) 
11 
150 in Bricklaying Department . 
43 11 11 11 
128 11 Bar Mill Department 
67 " 11 11 u 
89 persons . 
245 " 
264 p ersons 
227 persons 
C H APT E R 4 
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WORKmG ENVIRONMENT 
-------------------
All the men investigated vrorked in factories close 
to the river Don between Sheffield and Rotherham . In 
this area there is a high background pollution consisting 
of smoke and ash particles from domestic , and industrial 
ch:iJnneys and locomotives . 
Assessment of the dustiness of the atmosphere by 
particle count is, therefore , likely to shc)',7 only very 
slight differences which will appear insignificant against 
the fluctuating background of smoke particles . However , 
same information derived from gravimetric sampling is 
available and the following table sunmarises this:-
Department 
(1) Bar ill at S.P . T • 
Dust under 5~ 
( 2) Strip Mill 
Total Solids in 
ffie;nv' cubic meter 
• 3 to 1 .1 
Ash in 
mgro,!cubic meter 
. 02 to .17 
Dust under 5u.. Generally Imver than Bar ill 
(3) Melting Shop at S.P . T. 
Dust under 5 \.l.. 02 to 1.5 
(4) Mel ting Shop at S .P . T. 
Total dust 4 to 60 3 to 40 
(5) Foundry at E . S .C . 
Dus t under 5 ~ 
. 02 to 1 . 0 .03 t o 1.4 
The dust f'roJ(l the Bar Mill was probably smoke 
s:iJnilar in composition to the external air . X- ray 
crystallographic examination sh~ved no crystalline 
silica and calcium sulphate was the main crystalline 
component . One sample taken very close to the rolls 
sh~~d a little Fe304 • 
The dust from the Melting Shop contained quartz 
up to 1070 of ,the ash, also occasionally crystobalite . 
Most saoples contained more than 6010 total silica 
,mich was presumably present as a glass , formed with 
the oxides of calcium, magnesium and iron, while some 
was probably present as mullite . The Melting Shop 
samples were taken in and around i'urnaces in the 
process of di$nant1ll~ and rebuilding . 
The quartz content of the dust from the foundry 
at ~ .S .C . was commonly 10 to 15% and occasionally reached 
For comparison the suspended matter in outdoor air 
ra!l0es from . 2 to .5 rrI8J1V' cubic; meter with . 03 to .08 mgm 
a sW cubic meter in the winter . The summer t'igures are 
lower but with a higher proportion of ash . 
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Finally it should be mentioned that bricklayers, dismantlers 
and rolling mill workers are in many cases subject to considerable 
thermal stress . 
/ 
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.APFARA'fUS 
H.B .C. APPARATUS 
The apparatus is s:imilar to the one desi.:.,ned and 
used by the Pnewnoconiosis Research Unit (McKerrow 1952) , 
and described by Cotes (19$5) . It is a modif'ied Douglas 
Bag system. 
The subject re- breathes froIl the bag, this will keep 
the moisture of the air and prevents acapnea . 'fhe expansion 
contraution of the bag is allowed through the I 'rovision of 
the box with valves . It thus operates as a pump . The output 
of this "pump" is measured by a dry gas meter . By interposing 
an expansion chamber bet\leen the "pump" and the meter overloading 
of the meter at peak expiratory flow is avoided. The valves used 
are of' the "j" type .. 
'l'he apparatus consists of' an alwninium box closed by a 
centrally perforated "perspex" lid, through this hole passes 
a well- fitted bent tube connected to a balloon, and on the 
outside to the mouth piece . In the bottom of this box thel'e 
are three small openings covered by valves . On one side of 
this box there are ~yo openings , 
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one connec ted to the a tmosphure and the other to an 
exrlansion chamber 0 In between the box and the bellows 
is a 2-\i~ stop cock which ,,{hen switched to one side 
will connect the box to the expansion chamber or away . 
Air is aami tted to the expansion chamber through the 
non- return valve . This chamber is connected by a 
top tube to a dry gas meter , which gives the measurement 
of gas in cubic feet (Cotes 1965) . 'fhe temperature of 
the gas Vi"8.S usually recorded in the exit tube from the 
gas meter . 
GA.l! .. NSL.I::R APf:ARA1'US 
This apparatus was used to measure F . i: .V • . 75 F.V .C., 
and indirect 11 .B.C. It is that described by Gilson and 
1; cKerrow 1960 0 
ClDSED CIRCUIT HELTIn,1 Al-'PA.RA.TUS 
The apparatus used is based on that described by McMichael 
(1939) for the meas~~enlent of the Functional Residual Air , 
except that Heliwn is used as the indicator gas instead 
of 'Hydro en G It has been shown by Gilson and Hugh-Jones 
that the closed- circuit method using Helium 
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and a Katharometer is an accurate and relatively rapid method of 
determining the Functional Residual Air . It can also be used to 
measure the rate at which Helium is mixed with the air in the 
lungs, but for this purpose the circuit must be modified in 
certain respects (see fig . 1) 
A . Pump 
In the apparatus described by Gilson and Hugh Jones 1949, the 
rate of circulation and mixing in the main circuit was not 
material as ample time could be given for equilibrium to be 
established before a final galvanometer rending was taken, but 
for the plotting of a mixing curve it is desirable to have as 
rapid a circulation as possible in the main circuit . The pump 
we used was a high speed fan with an output men in circuit of 
about 150 litres/minute . We used a lamp of 60 watts in series 
with the fan, so that when the lamp Vias switched on, the fan 
started. 
B. Katharometer 
The one we used is manufactured by IICambridge Instrument 
Company, " one in a side circuit leadins from the outflow 
13 
3 
1 - .3 way tap. 
F' I -~-
2 - Tube connected to a balloon and oxygen supply for wash-out • 
.3 - 8 : Main gas circulation tubes . 
10 - 12 - 4 
5 - Katharameter block. 
6 - 7 - 14 Katharaneter circulation tubes . 
9 - fan . 
13 - spirometer bell. 
15 - outer jacket containing water seal. 
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of s oda. lime canister to the pump inlet . trhe instrument 
consists of' tv/o pairs of resistances arranged as a bridge . 
One pair sealed in pure oxygen saturated Hi th VIater , and 
the other pair accessible to the gas stream. The galvanometer 
records the change in potential a cross these when the open pair 
are in contact with a gas mixture vvhose thermal conductivity 
di:ffers £'rom that ot' pure moist °2 " It i s calibrated i'rom O-l~~ 
Helium in oxygen over a ten- inch deflection, and is provided vnth 
a switch, so that for calibration purposes it can be made to 
measure the total current flovri:ng, in the circuit . The cells used 
are the IIExide type L . L. Z .G. - 20 'fhree cells 'With a total 
constant voltage of 6.3 volts . " These were charged weekly 
to keep their voltaGe constant . The current flowine; in 
the instrwnent is checked immediately before and at the 
end of each run . It is important that the gas mixture 
should pass through the main oxygen scrubber before reachiIlg 
the Katharometer . The scru.bber contains 800 grammes of soda 
l:iJne and this YTaS r enewed after six tests . 
C .Tempera ture 
Two thermometers vrere used , one for the gas temperature , the 
second in the sniromcter water . l'he gas temperature was usually 
. . 
higher than the we. ter tempera ~ure • Our re sul ts are correc ted 
according to the Las ternperature o 

23 
D. An Event Recorder 
An event recorder is ritted and is so connected that it records 
on the top or the chart by pressing a switch (Bris c oe 1952) . A 
mark is made on the chart each time the reading or the Katharometer 
is recorded . 
E. A Syphon Water Level Indicator - is inserted into the water 
seal or the spirometer jacket so that the level or this may be 
kept constant . 
F . Rotameter - rixed on the rront of' the apparatus (see picture . ) 
The addition or oxygen to the spirometer vms measured by a 
rotameter . This racilitated the adjustment of' the oxygen supply 
to compensate for the subjects consumption. 
G. Oxygen sUPPly:-
From an oxygen cylinder connected to a rnanjj'old tube "rith two 
fine adjustment valves . ' 
1) Connects to a balloon through a vmsh bottle containing 
water and is used to wash out the lungs • . 
2) Connects to the oxygen rlowmeter ror replacing the 
oxygen consumed during the test . 
A larger bore tap is connected to the spirometer and used 
to wash out the spirometer and to supply Oxygen to the 
spirometer rapidly when needed. 
H. Helium - supplied to the circuit through a reduction valve . 
DETIDTION OF IJi:AKAG:b; 
As a consequence of the method of construction of' the apparatus , 
all the likely sources of leakage were on the negative pressure 
side of the circulating fan . In consequence any leaks resulted 
in an increase in the volume . 
Routinely before beginning a measurement, the drum was allowed 
to rotate for a few minutes with the fan on . In the absence of 
leakaue the record \?as level . 
The volume of the circuit dead space with the sp irometer empty 
is 5008 litres . 
C H APT E R 6 
200 
180 
160 
140 
- 120 
• ~ 
~ 
~ 
-. ~ 
- 100 
= ', ~ 
6p 
40 
20 
o 
-
1/ 
20 
.. 
, v . 
/ 
. V / 
, V {) 
/ 
~ V . .. / 
/ 
V . _ A 
V 
V 
/ • Fig- '2 Calibration o£ M.B.C. 
Apparatus. 
. , 
I I I . I I 
40 60 80 100 120 140 . 160 18 0 200 
Volume o£ air blown (L./min.). 
25 
CALIBRATION OF APPARA~US 
~----------------------
1 Gaensler Apparatus 
The calibration is checked by determining the volume 
which is drawn into the apparatus through a restricted 
orifice (supplied by the makers) , when a standard weight 
is added t o the normal counter weight . The volume of gas 
admitted is determined when the timer has been accurately 
calibrated, and its c onstancy serves as a check on the 
behaviour of' the tfuler . (For the particular apparatus 
used the v olume was 1 . 65 litres for .75 second, or 2 .14 
litres for 1 se00nd.) 
IT Calibration of the M. B.C . Apparatus 
The gas meter was calibrated against a rotameter . By 
using a pump with a 100 litres reservoir and a control valve , 
steady flows through the gas meter were established. 
The tfule required for a flow of two cubic feet to be 
registered by the meter was measured and the corresponding 
volume was calculated from the rotameter reading and the 
time . The meter volume was plotted against the ( assumed 
trua) volume derived from the r otameter reading . (See fig . 2) 
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Calibration of the Katharometer 
-------------------------------
The design of the Cambridge Katharometer makes no 
provision for the stabilization of the current in the 
circuit, consequently for a given applied voltage, the 
total current consumption of the instrument depends 
upon the canposition of the gas in the cell. It is, 
therefore, necessary to define the condition under 
which the instrument is used and to calibrate it 
accordingly 0 For the most precise measurements a 
constant current regime is to be recommended, but 
this involves re-setting the series resistance before 
each reading, and this is impracticable under the 
oondition which we required for the measurement of 
mixing efficiency . In this use the current is adjusted 
when the Helium concentration is approximately 14%0 
Calibration curves have, therefore, been prepared 
according to three regimes . 
(1) 
(2) 
0) 
With the instrument adjusted when containing 
pure moist oxygen. 
With the instrument adjusted when containing 
14% Helium. 
\'Iith the instrument adjusted when containing 
the experimental mixture. 
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Correction curves corresponding to these three reg~es 
are plottedo Gas mixtures for calibration purposes 
were prepared by diluting measured volumes of moist 
Helium with mois t oxygen to a predetermined volume of 
(1 0 095 Litres .) Although gases were hancUed over wa:ter, 
and therefore , were very close to saturation, it was 
found advisable to bubble them through a small wash 
bottle before they were passed into the katharometer . 
It is essential to take precautions to prevent liquid 
water entering the katharcmeter . The most important of' 
these are to maintain a slow flow through the katharometer 
and at intervals to blow the whole system out 'with dry 
fil tered air . See fig 4-0 
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li'or thc deter.ination of the spirometer dcad space , 
"le used the method of ... leade (GilsOll o.nd Hugh JoneG 1949) . 
~'he spirometer was e!:"'[)tied and a zero mark was recorded 
on the drum (Vd) . 'rhe spirometer Vias then flushed 
repeatedly vv.ith oxygen, and the bell set at an arbitrary 
level near zero (Vl ) . The level was recorded on the drum . 
A knOlID volume (VHe) of Helium was added from a gos- pipette , 
an~, after the gas was Inixed, the 8alvanometer readinB was 
recorded (CHe) . A second e qual volume of' Helium was added 
and by the gradual addition of more oxygen C wi th continual 
mixing) the Katharorneter reading las brought bock to CBe . 
The volume was then recorded on the drum Cv 2) . The initial 
concentration of' Helium in the spirometer = 0He = VHe 
Vd + Vl 
and the f'inal concentration 2 VHe = ~e 
Vd + V 2 
o 
• • 
o 
• 0 
or Vd = V 2 + 2 Vl 
Dead space (mean of 3 determinutions) 5.08 L . St andard error of mean 
= 001 L . 
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-------------------------------------
The volume of' air circula teu by the fan V19.S determined by 
ll1troducing into the spirometer a pitot head connected to a 
micro- manometer . This flow measurin!:> arrangement was calibrated 
in situ , because it became a_lparent that the flow conditions near 
the pitot head depended upon the rest of' the circuit . 
The spirometer circuit was opened adjacent to the mouth piece . 
ir Vias delivered from a pump through a rotameter at this pOint . 
It as tnen possible to calibrate the micro- manometer reading against 
the rotameter . The manometer reading was plotted against the square 
of flow (L ./min. )2 as measured by the rotameter . The relation proved 
to be satisfactorily lmear . See Fig ' 
The spirometer circuit \'19.S then restored and the flow measured 
under various conditions . 
1 By usin.... diffel'ent soda lime partie;le size . 
2 .li th the canister empty 0 
3 ' ithout canister . 
4 Different l~ wat ts from 60 - 100 watts o 
See table 1. 
TABLE 1 
-
Deflection of the Pressure 
Micro-Manometer Difference L.jmin. 
---------..-- - -
Pitot head in spiro circuit, 3 .81 1 . 23 2. 58 157 
using 100 watts lamp 3.72 1 .21 2. 51 152 
Bell at zero level 3 .70 1021 2. 4-9 150 
! .-~---. 1- using 60 watts lamp 3 . 50 1 . 20 2. 30 14-7 
I 
--
~- f-----
r No basket 5 .60 1 . 20 4- . 4- 230 I 
I No soda lime 
~- ... _-_._-.... _- -------- -------_._--. .... --_ ........ _ .. __ .. Empty basket 5 . 35 1 . 20 4- .15 197 
_ ... _-_. __ . ..--- .. _-
--------
.. 
Refill basket (60 watts lamp) 3 . 30 1 0 00 2. 30 14-7 
---_.-- _.------ c-. 
- 4-/ 8 mesh soda asbestos 5 . 92 3 .10 2. 82 162. 5 
6 .03 3 .10 2. 93 165 
6 .10 3 .10 3.00 170 
---_._--f----
After leaving overnight and 4- .10 1 .4-0 2.70 160 
adding further 100 gms . soda 
asbestos after 25 min. 4- . 10 1 .4-0 2.70 160 
-
C.. ib!'atiC':). f cloned circuit Helium mixing l "..c ine V. S . s im le er ~ 1954, and. thereabouts . Assumed dead spa-; of 
130 
110 
70 
o 4 8 12 16 20 2' 
~g. 3 
Minute vo ume (litres per min.) 
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CALIBRl.TION 01" GIDShD-<JlliCUIT HELIUM IJ'PARA'l'US 
----------------------------------------------
Although as is shovm by the measurements of Page 29 1· " 
mixing of gas in the closed- circuit Helium apparatu!;; i...; rapid . 
'there is an unavoidable lag in response, and, this is of 
greater importance the greater the minute volume . 
In order therefore to alloVl for differences of this kind, 
the machine was standardized by determining the mixinz efficiencies 
of' "a sjmple spirometer" at varying tidal volumes and breathi.ne 
rates . 
liThe apparent mixing efficiencies" were calculated and the 
results are plotted against the minute volume in Fig 3. 
This figure shovrs results obtained in 195LI- for comparison 
wi th those obtained at present time . The dead space of the 
system i . ~ . the volume of the tube arul tap connecting the 
"Lung spirometer" to the Helium apparatus was measured at 
260 c . c . s . and this \7aS allowed for in the calculations . 
It can be seen from the figure that for a given mixing 
efficiency tithe apparent mixing efficiency" is inversely related · 
to the tidal volume . 
This could be explained on the as:;umption that the true 
dead space is less than the measured volume. 
c H A p T E R 7 
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PRCXJEDURE 
1 - History 
The subject was asked questions fram the M. R.O. "Questionnaire 
on respiratory symptoms, 1960. " 
11 - Anthropometry 
Body measurements were made to check the comparability of the 
groups selected and to enable a correction to be made for the 
effects of height or weight or both. Standing height was 
measUl'ed with the subject in stockinged feet . Sitting height 
was recorded seated, thighs horizontal, feet on the floor . 
Weights were measured to the nearest pound in stockings, 
trousers and shirt . 
111 - F .E.V. 75 andF . V. o. measurements 
The subject was shovm. hovr to carry out the test . He was 
asked to take a very big breath, hold it, then blow through 
the mouth piece as fast and as deep as he could, and to 
continue blowing as forcibly as he could . (Gandevia). The 
readings for F .E.V .75 and F .V.O. were recorded. This test 
was repeated three t~es . 
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lY 
The volunteer was then seated on a chair in front of 
the closed circuit Helium apparatus , he Vlas shown how 
to use the mouth piece and the nasal clip properly, 
and was finally asked to sit comfortably on the chair . 
First a normal spirogram VIas recorded with the spirometer 
three- quarters full with oxygen. Three vital capacities 
were recorded. Then the oxygen flow was switched 
through the oxygen flow meter to the spirometer and the 
volume of oxygen required to keep the spirogram level 
was measured. The subject was then switched off the 
spirometer and asked to take a fevT minutes rest . During 
this period, oxygen was run into the oxygen bag . At the 
same t:ime the spirometer was washed out with oxygen f r om 
8 - 10 times until the galvanometer read zero . Meanwhile 
the person was asked to start breathing from the oxygen 
bag to wash the nitrogen from his lungs . Oxygen supply 
to this bag was moistened by passing it through water in 
a Wolff ' s bottle ( to prevent ~ess of the throat .) He 
was allowed to breath pure oxygen from 5 - 10 minutes 
depending on his lung condition alrea~ kn~m from the 
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M. R. C. ques tionnaire • When the galvanometer read zero 
the spirometer was emptied completely . A top line was 
drawn on the graph, the drum was stopped and Helium was 
added to the circuit, this drew a vertical line on the 
chart at the same time an event mnrk was recorded 
correspond:ing to this line. These formed a zero time 
mark . The katharometer current was then adjusted nnd 
the initial Helium concentration read . It usually raneed 
from 13% to 15%. The drum was then switched on. The 
three- way tap was switched at the end of a normal expiration 
from the oxygen bag to the circuit, at the same time the 
oxygen flow was started at a predetermined rate . Helium 
concentration started to fall rapidly at the start, then 
more slowly as the mixing process neared completion. 
The galvanometer was read at intervals . The time of 
each read:i.ng was shown on the top of the chart. When 
the reading was steady for at least one minute, it was 
assumed that the mixil18 was ccmplete . At this bme the 
subject was switched from the circuit and ~gen input 
turned off at the same time . The katharometer was then 
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checked and a gal vanorneter reading was taken. The 
temperature of the gas and water were recorded, and 
the subject was allov{ed to rest a few minutes . 
V Maximum Breathing Capacit;:r: 
The subject was seated in front of the M.B.C. machine . 
The initial gas meter reading was recorded. The subject 
was then shown how to do the test properly . He was asked 
t o breathe as fast and as deep as possible for 15" (Gandevia) 
as indicated by a stop watch . The valve VIas switched to 
the bellow side at the start of the test , at the end of 
the 15" the valve was switched to the opposite side , and 
the subject was allov/ed a few minutes rest in between each 
test 0 A t the same time the final gas meter reading was 
recordedo This test was repeated three times and the 
gas temperature was always recorded at the end of the test . 
The average of the three readings was taken. 
c H A p T E R 8 
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(1) F . E,V' 75 and F .V.Oo fran gaensler apparatus by direct reading . 
(2) FeR.C. from the closed Helium circuit apparatus , by a 
calculation the same for mixing efficiencl o 
(3) Residual Volume by subtracting expiratory reserve from 
the F . R.O. 
(4) Inspirator;{ Reserve by measuring on the chart of the 
inspiratory reserve , then this is correoted for temperature 
the same for expiratory reserve . 
(5) Vital Capaoity this is measured on two separate occa.sions 
on each subject on different pieces of apparatus:-
(1) Gaensler aPRaratus which gives direct result of 
F .V.C. This is always larger than the V.C. 
The largest reading is the one we considered. 
( 2) V,C . is recorded on the closed circuit Helium 
spirometer used to measure the F .R.G . and M. E. 
This is measured and the mean 3.V.0 . is usually 
t aken . (Cotes 1965) . 
(6) Total lung capacity by the addition of vital capacity 
to R.V. or by the addition of inspiratory reserve to 
F . R.C. they are almost the same . 
(7) Tidal volume is the mean of tidal volumes of the F .R .C. tracing . 
R 
Calculation for F .R.C. 
(apparatus D. S . + volume of gas added 
to the spirometer in litres) x Init ial Helium Concentration 
Final Helium Concentration 
(x) - (apparatus n.s . + (volume of gas added to the spirometer in litres + 
(60 c.c. for mouth piece D. S.) 
F .R.C. x temperature correction - final result of F . R. C. 
Direct M. B. C. 
) 
Direct by finding the difference between the final reading and the initial reading 
x 28.3 to change cubic feet into litres x temperature correction. The average of 
the three reading s is the one considered . 
" 
-=> 
"~ 
'. 
" 
(x) 
\;. 
\. 
" 
F . R. C. 
Intrapulmonary mixing - treatment of results 
Workers have employed various methods £or the derivation 
of some index of mixing from the series of observations which 
resul t from such a measurement . The dif£erent indices SO 
obta.ined were reviewed by Gilson and Hugh J'ones (1955) 0 They 
prefer indices based on the number of breaths required to 
achieve a given degree of gas replacement to those which use 
o~ the total volume of ventilation required o In this work 
two indices have been used, Gilson and Hugh-Jones ' overall index 
Io, and a crude adaptation of this , designed to reduce the 
influence of the subjects ' tidal volume on his apparent mixing 
efficiency . 
In principle Io, is the ratio of the theoretical number 
of breaths required for a 90}& approach to equilibrium between the 
spirometer and the lungs , on the assumption that each breath is 
completely and instantaneous~ mixed with the gas in the lungs 
or in the spirometer , as appropriate . 
Using the following symbols:-
F = Volume of gas in lungs at the end of normal expiration. 
T = Tidal volume. 
d = Dea.d space . 
Te= Effective tidal volume . 
V = Volume of spirometer at the end of nonnal expiration. 
Mo, Mn, = the concentration of helium in the spirometer 
initially, after n breaths and after a very large number of breaths . 
10, 1 1., = the corresponding concentrations in the lungs . It 
n , 
may be shown that:-
lit - M o n 
M -M 
o 00 
= 1 
For 9~ mixing M - M 
o n 
therefore 
M - M o tA = 
0.9 
( F V - T)Y F + T x V = 01 
V log ( F: T x V ~ T) = - 1 
o 
• • expected no . of breaths for 9Q% mixing 
is 
-1 
In calculati 10 it is desirable to allow for the apparatus dead 
space d . the expr~ssion for ~9Q% 
a, 
then becomes ¥9~ = _ 1 
'l~Og~(~F~----x--~V~v-~T-e) 
F + Te 
where Te = T - d 
a 
1 0 is defined as Y 90 
---~ ~O - 1 
x l~. where n90 is the observed no . 
of breaths to reach a 90% approach to equilibrium. n90 - 1 replaces 
n90 in order to allow for the leg in the Ka tharometer . 
The overall index SO calculated seldom if ever exceeds 75% 
even in young healtQy adults o 
This "built-in" mixing defect is due to several factors of which 
the most important are;- the lag of the Katharameter which is 
constant and corresponds to a variable number of breaths depending 
upon the respiratory frequency ; the non instantaneous mixing in 
the spirometer and the neglect of the subject ' s dead space . In 
order to overcome the above disadvantages of Io, which are 
particularly apparent when an individual ' s mixing is to be repeated 
after a lapse of t~e , the second index le has been used in this 
laboratory • For the calculation of le , T is replaced by T t = e e 
Te - 150 ccs (where T is expressed in ccs . ) and n90 - 1 is replaced 
by n90 - n ... where nL is f'ound f'rom inspection of the serni-
• 
logarithmic mixing curve and. is approximately (respiratory f'requency) - 6 • 
In addition lo and le of' a simple spirometer have been determined 
f'or a range of' tidal volumes and respiratory f'requencies . * 
.:< the spirometer was equipped with a propeller in the space 
beneath the bell , and it was found that the experimental value of 
le was not increased if' this was rotated at 2. 900 rop.m . for 
the duration of the test; it was therefore concluded that the 
mixing in the spirometer was effectively instantaneous . 
• 
The dead space of this spirometer was 260 cc as measured by 
the water capacity of the connecting tube ; however , it was 
found that for a given minute volwne le was more nearly 
independent of tidal volume if t he dead space was taken as 
235 ccs . 
The final values of the mixing efficiencies reported 
in the text are corrected for the deficient mixing of the 
spirometer . That is to say the calculated le or Io as 
the case may be is divided by the value of le or Io 
determined for the single spirometer at the appropriate 
breathing rate and tidal air . 
These values are reported as "mixing efficiencies" M.E. 
In summary: 
= le ~--='-le spiro 
le = V90 
:: 
~O - IJ. 
or M.Eel 
- 1 
(~o 
= Io 
~-~-Io spiro 
~) log =-F ~~",",!,,"::~_ 
F + T - 150 
v - T + l5Q 
x V 
~ l e . spiro = - 1 
n ' - n i 10gfF ' VI - Ti + 232) 90 1 ( F' + Tt _ 23.5 x V' 
Io = 'V"'90 
1 / n90 .10g ~l = ( F : T V - T ) x V 
Io spiro = 
-yn' 9O .1og ( F ' V' - T' + 260 ) 
Fa + T t - 260 x VI 
The primed symbols n t re~er to the simple spirometer which is 
assumed to provide perfect mixing . 
CHAPTER 2 
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12 YEARS FOI.iUJW UP STUDY 
------------------------
The aim of this study was to compare the changes in lung function 
occurring in the two groups previously studied i . e . Bricklayers 
and Rolling Mills . 
Measurements of mixing efficiency, percentage r esidual volume , and 
M. B.C., made in 1952- 3 and in 1964 are compared for 43 workers from 
the bricklayers ' department , and 64 from a rolling mill . The workers 
in the bricklayers ' department are divided into three categories:-
a ) Bricklaying group . 
b) Bricldayer ' s labourers . 
c ) Dismantlers . 
I - M.B.C. 
It is found in almost every case that there is a large fall in 
the measured M.B.C. as between 1952-1964. However , compari30n 
of the average M.B.C. for men of 20-25 found in 1952 and men of 
the s~e age 1963 shows a large difference (See appendix 2. ) 
One is forced to conclude that the large difference is at least 
partly due to observer difference . 
11 - R.V. % 
T. L. c . 
The ratio of the residual VOlume/total lung capacity shows an 
increase over the 12 years in almost every case . The average 
increase does not differ significantly between the twlO groups . 
The aver age increase in Bricklayers is + 4 .88% .S .D. 7.48 §...:!: 1 .15 
while in the Rolling Mills the average increase is + 6. 9;7% S .D. 
7.0 S .E . 0.87. The difference between the groups is statistically 
non significant . 
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III - M.E. 
By comparing the M.E.% in both groups in 1952- 54 and 1964 the 
following is found:-
(1) There is an average increase in the M.E . from 
1952 to 1964 in the Bricklaying Department = 
+ 7.1% - S .D. 21 - S.E. 3 . 30 . 
(2) On the contrary in the Rolling Mill , there is an 
average decrease in M. E.% = -4019 S .D. 15. 94 - S. E. 2 . 10 . 
The diminution in M.E . for the Rolling Mill is comparable with 
the change which would be inferred from the overall value of the 
regression of M.E. on age which was observed in 1952-~ (See tables 
V-XII appendix 2. ) 
CHAI GES IN CHEST SYMPrOMS OVER 12 YEARS PERIOD 
----------------------------------------------
In the Rolling Mill and Bricklayers ' Department the population 
is divided into groups by their ages in 1952. 
a) up to 29 years old 
c) 40 - 49 It 11 
b) 30 - 39 years old 
d) 50 and over. 
The results are tabulated . (See tables XII- XX appendix 3. ) 
THE DEATHS 
-----------
By following up the Factory records , it is found that 30 persons 
died in the Bricklayers ' Department and 8 died in the Rolling Mills , 
but this does not include men who died after leaving the firm . 
By calculating the mean differences, S.D., S.E. , and significance 
tests of the differences in both furnace brickl~ers and rolling 
mill workers, it is found that in cases of:-
(1) Mixing Efficiency 
There is an increase in M.E. over the 12 years period in all age 
groups. In case of the furnace bricklayers, this increase is 
statistically signi:ficant at the 1% level in age group 50 +, but 
in case of the control group, this persistent inorease is not 
noticed. 
In age group (30 - 39) there is a decrease over the 12 years 
period which is statistically significant at the 1% level . 
In age group ( - 30) there is also a decrease which is not 
significant. 
On the contrary there is a non significant increase in the 
change in age group (50 +) • 
A negligible increase is noticed in age group (40 - 49) see table 2&3. 
As used in the department of preventive medicine , the 
closed circuit helium method has given a standard deviation of 
5.0%, on the mixing efficiency calculated without allowing for 
anatomical dead space (M. " 1) . 
I.I. an alternative method of calculating the mixing 
efficiency (M.E. 2) was used in which an arbitrary correction 
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of 150 co was made for the anatomical dead space, the standard 
deviation was increased to 7 .1%, while the mean value was 
increased in approximately the same proportion as the standard 
deviation. 
The amounts and directions of the changes in ~ .E . 2 are 
displayed in Fig 5, where the present 1964 values of the M.E. 2 
are plotted against those found in 1952. 
The 450 line represents no change . The inner pair of 
parallel lines define the standard deviation and the outer pair 
... 
correspond to the 99 percentile limits (2.56 x standard deviation) 
If it is accepted that the technique employed in both 
measurements was adequate, these results are incompatible with an 
explanation relying on chance variation. 
For the rolling mill men aged< 40, the significant 
deviations are negative, and these might be attributed to ageing . 
Of the remainder, who show IIl8Il\Y increases well beyond 
the 99 percentile , it may be suggested that the earlier measurements 
were in some cases made when the subjects were influenced by scme 
acutely acting irritant • 
... These limits were derived from an independent series of measurements 
which we carried out in 1955- 56 on a group of volunteers who attended 
an interval over a period of 18 months . 
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This suggestion is in line with the fact that during the three 
years just prior to this study the open-hearth furnaces in 
which the brickl~ers mainly worked were replaced by electric 
arc furnaces, made from different materials . On the other 
hand no explanation oan be advanced for the large increases 
shovm by six of the rolling mill workers . 
R.V. % 
T. l...c . 
The mean change in R.V. % over twelve year ... period is always on 
T . l . c . 
the positive side in all age groups in case of the rolling mill 
workers . This increase in percentage is :found to be statistically 
signi:ficant at 0 . 1% level in age groups (-30, 30 - 39 and 40 - 49) , 
and is signi:ficant at the 5% level in age group 50+. See table . it-
A similar :finding applies to the fur oe bricklayers , except in 
age group ( - 30) where the di:fference over the 12 year period is 
not signi:ficant . The mean change in age groups (30 - 39 and 50+) 
is statistically signi:ficant at the 1% level and is significant 
at the 5% level in age group 40 - 490 See table,. 4&5 
It can be said that there is no occupational change over the 12 year 
period and, that this increase agrees with that expected :from the 
age gradient observed in the same population in 1952 . 
I 
j 
.50 
Table.: 2' 
Brick1~ers S.P .T. (1952 & 64 results) 
M. E. (1964 - 1952) 
,------------~---------------_r------------------1----------~r_----------~ 
Age Group 
in 1952 
No per group Average difference S.D. S.E • . 
~~~~_~ __ ~-----.--.~-.-~I+ 6.29 ____ +-_ 27.~2 __ -+-__ 11_ o_15 __ --I 
~-t-------~--t--~~~---t-~::,---+' __ :_:15-:- - ---4 
-
50 + 
xx 
+ 13 
._-----
8.83 I - 71 
_~- _ ___.1 ______ .. ----L--_~__I 
xx significant at 1% level 
Age Group 
in 1952 
-_ .. __ .. 
.. , 
-
30 
30 
-
39 
._--
40 - 49 
-
50+ 
-
No per 
51 
Tabl e) :, 
Rolling Mills S.P.T. -
(1952 and 1~ results) 
M. E. (1964 - 1952) 
group Average difference S.D. S.E . 
---,------------
_ .. 
-- - ---,-,---+-------' 
17 
-
7.24 15 3.75 
,-- _._--1-----------------
xx 
15 -11.13 
r----------_ -_ ... _ ...... 
----
20 + 00 25 25.12 
f----------~ ------ --.-,---If---------I 
7 + 10.14 14.59 5.96 
xx significant at 1% level 
Age Group No per 
in 1952 
---
-
30 7 
_.f-._._---_._.-
30 - 39 13 
-------.. -1-- ------.-----. 
40 - 49 15 
. 
50 + 7 
._-
Bricklayers S.P.T. (1952 & 64 results) 
R.V. (1964 - 52) 
T.L.c. 
erage group Av difference 
------. ----
-
1.43 
--.--~.-- ... -... - -.-
___ -0 ____ ... 
xx 
+ 70 62 
S.D. 
--
4.76 
--.-... _-
6.57 
- f-. 
x 
+ 50 07 8.19 
-_. 
xx 
+ 8.57 - 4.44-
. ..... -
---------- --
xx significant at 1% level 
x It ";J'J, " 
S.E. 
1.94-
1090 
2.19 
1.81 
r' 
\ Age Group 
i in 1952 I 
\.... 
I 
- 30 
30 - 39 
-
.--
40 - 49 
I-
50 + 
--
53 
~ Tablle Si 
Rolling Mills S.P. T. -
(1952 and 19~ results) 
R.V. (19~ - 1952) 
T.L.o. 
No per group Average difference 
-- ---
xxx 
20 + 6.50-
17 + 7024-
S.D. 
--
6.16 
4.57 
--_ .. _-------_ .... -
~ ~ 
-- ---- -----
! xxx: 
2l I + 6.67 
4.80 
x 
7 + 8 0 43 6.40 
x signif'icant at 5% level 
xxx It 11 0.1% It 
S .E . 
1.10 
2.61 
' . 
CHAPTER 10 
From the spirometric measurements , the residual volume is 
calculated as a percentage of t otal lung capacity, the F.E,V.75 
and the mixing efficiency . F.V.C. 
These quantities are relatively independent of boqy size , and 
it is therefore possible to consider them without reference to 
other anthropometric measurements . The mean values of the F.E,V'
75 
and V .O. are also tabulated . 
The means are given for 10 year groups and are separated 
according to smoking habits and dustiness or otherwise of employment . 
It is thus possible to examine the results for differences which 
might be attributable to the nature of' the work and to the effects 
of smoking o 
1 . F.E.V.75 
F.V.C. . • 
In both dusty and non- dusty employment , this ratio is 
greater for non- smokers in almost every age- occupation group , 
but only in two age groups of (40 - 49 and SO ... 59)is the dif'f'erence 
statistically significant at the levels indicated in tables . 6&7( .. 
2 . M.E.% 
In clean jobs M.E.% is greater in almost all non- smoker 
groups , in age groups (40 - 49) however the smokers have a non-
significantly higher mixing efficiency . In dusty jobs there is 
a higher average M. E. in non-smokers; and this is statistically 
signif'icant in age groups (50 - 59) , and on the other hand in 
age groups (20 - 29 and 60 - 64) the M.E. is greater in smokers 
than non-smokers but statistically non- significant . There is no 
significant difference in'M .E . between clean and dusty jobs . See tables . 8&9; .. 
3. ReV. 
T. L. c . 
In both dusty and clean jobs the ratio is greater for 
smok~S in almost every age- occupation group , but only over the 
ages of 00- 39) in clean jobs and, (30-39, 40-49 and 50-59) in 
dusty jobs is the difference statistically significant at the 
levels indicated in tables . fO&ll . 
The same division is used as in case of (E. S .C. ) 
1. F .E .V. 7.2 
F .V.C. 
This ratio does not differ significantly between smokers 
and non smokers . For same age groups there is a difference which 
generally favours non-smokers . 
Canparing dusty with non-dusty occupations , the 
differences are again slight but generally favour the clean jobs . 
See tables .12&13. 
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2 . M. E .% 
The comparisons between smokers and non-smokers and 
between clean and dusty workers taken age group by age group 
show no significant differences 0 On the other hand in the 
non- dusty occupations , the non- smokers have at every age 0. 
higher M.E. While for the dusty occupations , there is no such 
consistent trend . 
When the dusty occupations are compared with the 
non-dusty ones , the differences appear to depend on smoking 
habit , that is to say, that the non-smokers in dusty 
occupations appear t o have slightly lower M.E . on the average 
than the non-smokers in clean jobs . See tables 14 and 15. 
3. R.V. % 
T. L. c . 
It appears that there is no consistent difference 
between the mean values of this ratio for workers in dusty 
and non-dusty situations o Slight differences generally favour 
the non- smokers . See tables 16 and 17. 
In both CE. S .C.) and (S . P .T.) F .E .V. 75 and V.C. results 
are tabulated, but these values are not of great importance 
because they depend on bod;y size. See tables XXI - :XXVIII appendix 4 . 
I 
I 
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Table 6 
Average F . E . V · 75 ~ · D t J b (E S C ) F. V. C ,0 l.n us y 0 s ••• 
Age Group Av. No . of Smoking Av. 
years old age persons habit F. E. V 75~o 
per F. V. C 
group 
Below 20 - - - -
--
-
26 . 46 13 - 75 
From 20 - 29 --- - - _._- -- - - -
25 . 16 38 + 70 
34 . 39 17 - 71 
From 30 - 39 --- ~ . -
33 . 66 41 + 69 
43 . 69 16 - 71. 74** 
From 40 - 49 I --- -- ---I 44 . 11 47 + ' 63 . 40** 
I 55 . 67 15 - 66 . 56** 
From 50 - 59 - - ._-- - - -
54 . 18 37 + 55 . 37** 
, ----1--
62 4 . - 55 I 
From 60 - 64 
.. 61. 78 9 + 63 
** Significant at 1~ level 
S. D. S. E. 
- -
6. 24 1. 80 
9. 44 1. 55 
6. 88 1. 72 
-
7. 21 1. 14 
7. 42 1. 92 
9 . 16 1. 34 
9. 65 2. 54 
11. 62 1. 94 
5. 64 3. 26 
14. 32 5. 06 
Non- smokers or ex- smokers for 1 year or more 
+ Smokers : 10 cigarettes/ day or more 
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Table 7 
Average F . E. V · 75~ · Cl J b F . V. C. ,0 ~n ean 0 s (E. S. C.). 
Age Group Av. No. of Smoking Av. S. D. S. E. 
years old age persons habit F. E. V75 0 per F. V. C 
group 
- --I I 
I 17 . 14 7 - 75 9. 38 3. 83 Below 20 , 
18 . 25 
1: + 
+ 71 4 . 12 2. 38 
------
- -
I 
25 - 71 8. 66 2. 61 
Fr om 20 - 29 ' - ! I I 25 . 55 38 + I 69 7. 04 1.16 j I 
-
._---- -- - - - --- -c------- -- I I 
I 
33 . 52 17 - 71 8. 00 I 2. 0 
From 30 - 39 I I -,- .- r .. -r 35 . 52 23 + 66 7. 56 i 1.61 I - -- -- , 
I I I 67 . 33* I 44 . 82 11 - I 9. 58 3. 03 I I I From 40 - 49 
I 
- t 13.15 ! r 45 . 75 28 + 58. 05* 2. 53 
L ! - j 
55 . 07 14 - i 65 . 51** ! 7. 84 2. 17 
From 50 - 59 -+ ---_ .. I f-
1 12 • 33 
! 
54. 56 27 + i 56 . 08** 2. 42 
--' 
62. 25 8 - 64 9. 00 3. 40 
From 60 - 64 t-- ---- I--- -_. ---
61 . 56 16 I + 63 9. 85 2. 54 
------ - - - - ---
* Significant at 5 0 level 
** Significant at 1% level 
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Table 8 
Average M . E . ~ in Dusty Jobs (E. S.C.) 
1 I 
Age Group Av. I No . of Smoking Av. S. D. S. E. 
years old age persons habit M. E. 
per 
I 
~oup 
Below 20 I - - - - - -, 
I - -r- ---
I 26. 33 12 
-
63 11 . 44 5. 26 
From 20 - 29 
--(- ---25 . 16 38 + 10 13 . 15 2. 16 
I 
-T 
34.44 16 - 66 I 17 . 86 4. 61 From 30 - 39 - - --- - -- _. -
33 . 66 41 + 62 I 14. 80 2. 34 
I 
-. 
43 . 69 16 - 62 16 . 70 4.31 
From 40 - 49 
I 44 . 11 47 + 56 16 . 12. 2. 38 
I 
55 . 67 15 - 64** 16 . 82 4. 49 
From 50 - 59 -- -
54. 18 37 + 50** 14 . 93 2. 49 
-- -
-
62 4 - 40 7. 81 4. 51 
From 60 - 64 f-
61 . 78 9 + 49 19 . 29 6. 82 
...... 
** Significant at 1 0 level 
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Table 9 
Average M. E. O:o in Clean Jobs ( E. S. C. ) 
Age Group Av . No . of Smoking Av . S. D. S. E. 
years old age persons habit M. E. 
per 
group 
17 . 14 7 - 74 11.96 4. 88 
Below 20 
18 . 25 4 + 70 11 . 79 6. 81 
-
25 . 00 12 - 76 12 . 40 3. 74 
From 20 - 29 
25 . 55 38 + 67 15 . 57 2.56 
33 . 52 17 - 65 15 . 56 3. 89 
Frorm 30 - 39 ~ ,- - ,- I- - - --_. 
35 . 52 23 + 65 15 . 31 3. 26 
- ~ . ---I---
45 . 30 10 - 53 9. 59 3. 19 
From 40 - 49 ~ - - -- -- - -- ---- - -. 
45 . 75 28 + 55 17 . 06 3. 28 
--:..-. - -- - - - --
55 . 07 14 - 54 13 . 38 3. 71 
-·From 50 - 59 
-- - -
!-
54. 56 27 + 49 15 . 00 2. 94 
: -
._, 
-- --
.' 
62 . 25 8 
- 56 13 . 30 5. 03 
From 60 - 64 
. 61.56 16 + 50 16 . 67 4. 30 
61 
Table 10 
'C Average- R. V. 01. ' D t T . L.C./o ~n us y 
_._-----_ ... __ ._--_ .. ,----_._ ... -
, 
Age Group 
years old 
Av. 
age 
No . of 
persons 
per 
r group 
----_ .. _----
Jobs (E. S. C. ) 
- -_ .. _-_ ...... _---.. 
Smoking Av . 
habit R. V. 
T . L. C. 
___ .• _._.L. .... -•• , - ._.---r-~--- .. --.--. 
I 
~ 
I 
Bel~:'20 ---- -- - I -
26 .46_ t' __ 13_-t From 20 - 29 25 . 16 38 
-
1- -
-
28 
-
+ 27 
_. 
__ ~ _____ .----------__ r_ .. 34 :~-9---1-'-- 1 ~ .. --'-' 
-r--- =------ . __ .. _ ... _---25* 
S. D. 
-
.. 
9. 49 
5. 92 
5. 11 
I ~om __ 30 ~-:-t-:::::-- ----~~--- I .- --_. __ .... - . _--- t--. I + 30* 8. 37 
-
29 . 56** 6.44 
From 40 - 49 ~--------~--------- -- -. - ,---_ .. 1-' -44 . 11 41 + 36 . 26** 1. 28 
1_ - ---·.·.-----1-· ----. - 1-----------r_-
55 . 61 15 - 31** 5. 12 
From 50 - 59 f- - --
54. 18 31 
- -------
f---.---
-- --- --- ... -
+ 45** 8. 91 
62 4 - 39 3. 56 
From 60 - 64 1--- --- -- .-.... ~- ---- .. 61. 78 9 + 41 9. 59 
-_._---
* Significant at 5% level 
** Significant at 1 0 level 
S. E. 
-
2. 14 
. 91 
1.43 
1. 32 
1. 66 
1. 01 
1. 53 
1. 50 
2. 06 
3. 39 
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Table 11 
Average R. V. ~ . Cl J b (E S C ) T. L. C. 'o l.n ean 0 s ••• 
Age Group Av . No . of Smoking Av . S. D. S. E. 
years old age persons habit R. V. per T. L. C. 
group 
r 
11 . 14 1 - 24 1. 04 2. 87 
Below 20 
18 . 25 4 + 26 5. 26 I 3. 04 
25 . 00 12 - 25 7. 81 2. 36 
From 20 - 29 - --- -- - I- - ,---
25 . 55 38 + 21 6. 31 1. 05 
33 .52 11 - 26* 6. 48 1. 62 
From 30 - 39 
.• 
35 . 52 I 23 + 31* 5. 64 1.20 
- - -
:-, 
I 45 . 30 10 -
35 7. 16 2. 39 
From 40 - 49 
-~- -- - - 1-
45 . 75 28 + 37 9. 81 1. 89 
I 
I 55 . 07 14 - 37 5. 42 1. 50 
From 50 - 59 I 
, 
I 54. 56 21 + 40 9.38 1. 84 I 
1 62 . 25 8 - 38 6. 24 2. 36 
From 60 - 64 
,- 61 . 56 
16 + 43 1. 01 1.83 
-
-
- 0 
... 
* Significant at 5% level 
Table ~2 
Average F.E,V' 75 F.V.C. % in Bricklayers' Department (S.P.T.) 
. 
Age Group Av. No. of Smoking Average 
i years old age persons habit F.E.V·Z.2 S.D. S.E. per group F.V.C. 
Below 20 - - - - - -
-- ---
25.33 3 - 67 5.52 3.91 
From 20 - 29 
24.60 10 + 69 5.20 1.73 
, 
, 
33.75 8 - 67 5.53 2.09 
From 30 - 39 ----~------r-
34.89 9 + I 68 6.66 2.36 
43.20 5 - 69 I 9.39 4.70 
From 40 - 49 
44.05 18 I + 62 12.53 3.04 
54 8 - 65 I 6.75 2.55 From 50 - 59 
I 54.14 14 + 58 i 13.08 3.63 I 
. / I 
6?50 2 - 70** • 71 • 71 
From 60 - 64 r 61.25 4 + 49** 8.82 3.40 
---_._--
------
** Significant at 1% level 
Table 13, ~ 
Average F.E.V.75 F.V.C. % in Rolling Mills (S.P.T.) 
Age Group Av. No. of Smoking Average 
years old age persons habit F.E.V·75 % S.D. S.E. per group T.L.C. 1 
-1-------- ------ ----
17.75 
Below 20 
18 
1.59 
64 2.01 
9.29 
~-----~~------t------~~---,--~~------~----~ 
7.00 61. 77 13 + 61 2.02 I ~-------------~------~------~-------~--------~------ --------~ 
65i 
Table _1~ ~ 
Average M.E.% in Bricklayers' Department (S.P.T.) 
I Age Group Av. No. of years ola age I persons Smoking habit Average M.E. S.D. S.E. 
/
1 _ ______________ -+p_e,_r_ gr_o_u_p-+, ___ -;. _____ +-___ --l __ ---l 
I Below 20 - I - . - - --
j- --------i-.. --.~-----~----+--------+------t----I 
: I 25.33 I 3 i 66 12.21 8.63 
From 20 - 29 I • I 
, _. ___ . _____ <~--24.60 ~,--1_0--_t1_--+_-+1-6_6--t--_7.-55_.j-2-.5-2-1 
: From 30 _ 39 ! 33_:~~ ~_ ~ ___ ~.-~-~3.-.--- _17_._78_+-6_.7_2--1 
/1:-. ________ ~.89 i 9 ___ 1 __ + 56 17.69 6.26 
: 43.20 1 5 _ " - _ 51 8.47 
From 40 - 49 
44.05 I 18 I + 57 6.08 
1 I, I ~----------.---+---.--~--------~-~--.--~,-------.--+------~-----I I 
! 54- ! 8 I 
From 50 - 59 ,' ! I 
54-.14 : 14- 1 + 52 11.81 
..... 1; -----·---1-~~ .-50 r- ~- --t-1--~--I--38-----1f--1-4-.1-4-t--1-4-.1-4-
From 60 - 64 I 
61.25 I 4- + 41 12.25 7.07 
! 
51 
3.28 
12.73 4.81 
Age Group 
years old 
Table 15" 
Average ME . % in Rolling Mills (S.P.T.) 
Av. 
age 
No. of 
persons 
per group 
Smoking 
habit 
Average 
M.E. 
I 
S.D. S.E. 
I 
17.75 8 I - 62 33.02 12.48 
Below 20 ----1-----+----I 18 I 12 + 59 8.23 2.48 I 
\.--. ___ ~I·--_-j +--t----+-! - - --'-------J 
J 
23.36 I _ __ 11 ___ 1, - 1 __ 66 ; 14.56 4.61 
From 20 - 29 .-'-- . . ; 
~ _ ____ . ___ 24~_58_.- 33 I _ + I 60 19.60 3.47 
r--_32_ •. _83 __ ~_6 __ +1 ____ ~ _______ 6_4_--11 __ 2_1_._95_-1-_9_.8_1~ 
34.37 41 , + 52 19.75 3.12 
. [ : 
~- --r----.----·---tl----tl---+-----J-_I 
47 'I 5 ! - I 55 7.06 3.53 
From 40 - 49 ,I, - ---t------i-I -----r--------lf------,--l-----l 
I 46. 53 1 15 ! + I 44 19.16 5.12 
I ______ ~~I _______ ~' ______ ~'------_+----------r-----I 
I-----------~ , I 53.80 I 5 I 
From 30 - 39 
58 
+ 3.99 
16.43 I 43 
-r--46 18.92 
From 60 - 64 ,---ji-----t-----+----+-----!---J 
13.82 
3.50 + 
10.92 
13 61.77 
l--______ --.;!...----.-J------"-------a....----- -.---.----'-----.-
Age Group 
years old 
Table1.6 
Average R. V. % in Bricklayers t Department (S.P. T. ) T.L.C. 
Av. 
age 
No. of Smoking 
persons habit 
per group 
Average 
.&.Y. S.D. 
T.L.C. 
S.E. 
Below 20 - - - --1.------+_- - I ~~-----------r-_-?5-.-33~---3-----r---- 23 I 5:~--3-.9-0---1 
From 20 _ 29 I 52 I I 
24.60 10 + 27 I 9.43 l 3.14 I 
------~~:;;~~-- '--:---J" 28 I 6.66 ! 2.52 ;' 
From 30 - 39 34.89 '-e-l-;~ 1- 28 t-5.05 1 1.79 I 
From 40 - 49 
--- I: I ~:: t 1:--- ---~-- --i- -- :: - 1 1::~ I 2.23 2.61 
·r-·-----r- I : I 
54 8 I - 36 ~ 7.33 I 2077 
From 50 - 59 -_.--- ------j-----.----- -·------1---;-.-:-:::--+1--:--:::-::- -; 
/--___ ------- _______ ~. 1 ~ __ 14 + 37 i 6.13 I 1.70 
62.50 2 - 51 ! 7.75 I 7.75 
From 60 - 64 . ----_.-- ---- ----- -------f--. 
61.25 4 + 43 16.50 
.1-. _ ______ -'-____ ...1.-____ ---- - .-- .• --- ----- _ ••.•• -. .- ..•. 
Table .~7 
Average ~:r:co% in Rolling Mills (SoPoTo) 
I 
I , 
, 
Age Group 
years old 
Below 20 
·;.-i ----.--.---. 
From 40 - 49 
From 50 - 59 
From 60 - 64 
Av. 
age 
No. of 
persons 
per group 
Smoking 
habit 
Average 
RoV. 
U.C. 
SoDo SoE. 
17.75 8 I - 26 5.83 ' 2.20 
! 
097 
I - I 35 7.14 3057 
f-------+------~I--------rl ---~---r--~--~----~ 54.09 23 + 39 5.83 1.24 
53.80 5 
62 4 38 6.56 3.79 
61 .77 - ----- - ---r---:-::---t--=--===--+---=--13 + 44 9.50 2.74 
L-__ ----------~------~--- -------- ._-_____ .-1.. ___ . __ _ 
CHAPTER 11 
iNALY::>IS OP ClOOT SYMPrOMS IN DUSTY AND CI..J.!.:AN JOBS 
--------------------------------------------------
For the analysis of chest symptoms (cough, cough and phlegm, 
wheeze and dyspnoea), the subjects were divided into :-
1) Non-Smokers 2) :Moderate Smokers 
( - 10 cig/day) 
3) Heavy Smokers 
10 cig or mOl'e/day) 
and these subjects were also divided into age groups:-
a) Under 30 years of age b) 30 - 39 
c) 40 - 49 d) 50 and over. 
The same division was applied to clean and dusty jobs and 
age standardized rates were calcula ted see table~.n to XXXVI append:i;?c 50 
I Cough and OOugh with Sputum 
Irrespective of the conditions of work, the prevalence of these 
symptoms Vias directly related to the amount smoked; this is true 
both of a crude comparison and after the dii'ferent age compositions 
of the smokin[; groups have been allowed for (standardized prevalence 
ratio) ~ As between different jobs this prevalence varies erratically . 
For example , in the heavy smoking group , the clean jobs show a 
higher prevalence both of cough and cough \vith sput~ CS . P .T.), 
whereas the reverse is true at (B.S.C.) 
11 Hheezir:g 
The incidence of this symntom seems to be related to smokir~, 
though this is not clearly shown; at (L. S .C . ) alone there was a 
>Cc In order to calculate the expected no. with symptcms in each cell 
of tables XXIX to XXXVI, the overall proportion of symptcm - positive 
per'sons in the age group concerned was multiplied by the no. of men 
at risk in each sub- group . 
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slight association between this symptom and the dustiness of 
the job. 
lIJ DYSPNOEA 
There is possi bly a slight excess of this symptom in heavy 
smokers as compared· with the remainder. At ( ~ . S .O . ) the dusty 
jobs carry a similar excess but at (S .P .T . ) the situation is 
reversed. When tested by the chi-squared method, it Vias found 
that the slight association be~fleen dustiness of work and 
frequency of symptoms were not significant in ( S . J.-l .T .) but of 
significance in (1<: . S .C .. ) On the other hand. the association 
between smoking and the incidence of' the symptoms cough, wheeze, 
and cough with sputum were in every case significant or highly 
significant . Subjective dyspnoea showed no association with 
smoking or wit h the dustiness of the job . Tabl .J)2.itq . ~~.<,f 
relate the incidence of symptoms to smoking without reference 
to differences of employment. Here the chi -squared test shows 
that the association be~~en the amount smoked and the symptoms 
cough, and cough with sputum is highly signif'icant in both ( S .P.T .) 
and (E . S .C.) and that wheez:i.ng is also highly significant in (g . S .c .) 
and significant in (S .P . T.). On the other hand there is no significant 
* The observed and expected values in tables 18 to 25 are derived from 
tables XXIX to XXXVI in appendix 5 respectively. 
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association between smok:i.ne and dyspnoea at either firms . 
Tables .?9~~3 show the ratios of chest symptoms observed to 
expected after standardizing for differences in smoking 
habit 0 At (S .P .T .) the incidence of the symptoms does not 
differ significantly bet\veen clean and dusty jobs . At (E . S .C . ) 
the symptoms cough , cough \vi th sputum and wheeze were more 
common in the usty environments ; the differences \'Iere significant 
a t the levels P - L.... I C;.. P : L.... S /0 tL....d.- P.:: "I i'o respectively . 
In order to decide whether the incidence of a particular 
symptom shows the influence of the dustiness or otherwise 
of the worker t s employment, it was necessary to allov ... for 
possible differences in smoking habits. 
To do this, the total number of men in a given age- smoking 
group reporting the symptom is divided in the proportion 
of the expected numbers as found in tables XXIX to XXXVI of 
the appendix . The two numbers thus obtained are the expected 
numbe~ of men reporting the symptan in the dusty and non dusty 
jobs respectively _ 
The observed and the expected numbers are separately summed 
for the dusty and for the non-dusty jobs and may then be 
compared . 
The results of this ccmparison are shown in tables 26 to 33 . 
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Table 18 
THE I NCIDENCE OF CHEST SYMPTOMS TO SMOKI NG (All jobs combined) 
Total observed 
Total expected 
Deviation 
(Deviation)2 
expectation 
Non- Smokers 
12 
31 . 70 
- 25 . 10 
11. 52 
E. S. C. 
1 COUGH 
- 10 cig/day 10 cig/day or more 
4 115 
13. 84 19 .49 
- 9.84 + 35 . 51 
~= 40 . 38 
~ = 2 
P = (0. 1% 
14 
Table 19 
THE INCIDENCE OF CHEST SYMPTOMS TO SMOKING (All jobs combined) 
E. S.C. 
2 COUGH AND PHLEGM 
Non- Smokers - 10 cig/day 10 cig/day or more 
Total observed 10 3 95 
Total expected 31 . 04 11.46 65 . 59 
Deviation - 21 . 04 - 8.46 + 29 . 41 
2 14. 26 6. 245 13 . 181 (Deviation) 
expectation 
1-1.- = 33. 69 
~ = 2 
== (,0 . 1% 
15 
Table 20 
THE INCIDENCE OF CHEST SYMPTOMS TO SMOKING (All jobs combined) 
Non-Slllokers 
Total observed 43 
Tot al expected 55 .88 
Deviation - 12 . 88 
( Deviation}2 2. 91 
expectation 
E. S. C 
3 WHEEZE 
- 10 cig/ day 
8 
20 .49 
- 12 .49 
1. 61 
~"'= 
~= 
p= 
10 cig/ day or more 
142 
+ 25 .44 
5.55 
16 . 13 
2 
L... O. lro 
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Table 21 
THE INCIDENCE OF CHEST SYMPTOMS TO SMOKING (All jobs combined) 
E. S. C. 
4 DYSPNOEA 
10 cig/day or more 
Total expected 73 . 39 
(Deviation) 2 0. 79 
expectat ion 
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Table 22 
THE INCIDENCE OF CHEST SYMPTOMS TO SMOKING (All jobs combined) 
Total observed 
Total expected 
Deviation 
2 (Deviation) 
expectation 
Non- Smokers 
7 
20. 763 
S. P. T. 
1 COUGH 
- 10 cig/day 10 cig/day or more 
3 73 
5. 101 
- 2. 707 
1.28 4. 79 
-r-~= 15 . 19 
4 = 2 
f= " 0 . 1 0 
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Table 23 
THE INCIDENCE OF CHEST SYMPrOMS TO SMOKING (All jobs oombined) 
S. P.T •. 
2 COUGH AND PHLEGM 
(Deviation)2 4. 56 
expeotation 
","/-"'1.-= 14. 56 
~ = 2 
f=(O . l % 
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Table 24 
THE INCIDENCE OF CHEST SYMPTOMS TO SMOKING (All jobs combined) 
S. P. T. 
3 WHEEZE 
Non- Smokers - 10 cig/day 10 cig/day or more 
Total observed 14 4 90 
Total expected 27 . 199 7. 18 73 . 65 
Deviation - 13 . 199 - 3. 18 + 16 . 35 
{Deviation)2 6 . 405 1. 408 
expectation 
~v= 11 .443 
~ 2 
f = /... 0. 50 
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Table 25 
THE I NCIDENCE OF CHEST SYMPTOMS TO SMOKI NG (All jobs combined) 
S. P. T •. 
4 DYSPNOEA 
Non-Smokers - 10 cig/day 10 cig/day or more 
Total observed 12 2 44 
Total expect ed 14 . 967 4. 295 38 . 65 
Deviation 2. 967 
- 2. 295 + 5. 35 
~Deviation22 0. 59 1.23 0.74 
expectation 
Job 
Clean 
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Table 26 
CHEST SYMPTOMS TO EXPECTED INCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
E. S. C. 
1 COUGH 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers /day or more 11 exp o It 
obs . no . 6 1 
-
34 41 
exp . no . 5 . 76 2 . 27 47.75 55 . 78 
Dusty obs . no . 6 
6. 24 
90 
75 . 22 exp . no . 
.~-v = 6. 81 
~ = 1 
P =L 1% 
(Deviation)2 
expectation 
3.90 
J"ob 
Clean 
Dusty 
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Table 27 
CHEST SYMPTOMS TO EXPECTED INCIDENCE AFTER STANDARDIZING 
Ratio 
ebs.no. 
exp . no . 
obs . no . 
exp.no. 
FOR DIFFERENCES I N SMOKING HABIT 
2 
Non-
Smokers 
L 
5· 0 
6 
5. 0 
E. S. C. 
COUGH AND PHLEGM 
- 10 cig 10 cig!day Total obs . no . 1\ {Deviation1 2 
!day or more 
1 30 
1. 67 39 . 12 
2 65 
1.33 55 . 88 
Total exp . no . expectation 
35 
45 . 79 
73 
62 . 21 
'V f-- = 4. 41 
~ = 1 
r =,,5 0 
2. 54 
1. 87 
Job 
Clean 
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Table 28 
CHEST SYMPTOMS TO EXPECTED INCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
E.'s . C. 
~ ~mEEZE 
Ratio Non-
- 10 cig 10 cig/ day Total obs . no . 
Smokers /day or more Total exp . no . 
obs . no . 16.0 
-L- ~2 68 
exp . no . 21 . 54 4 . 63 59 . 94 86 . 11 
Dusty obs .no . 27 
21.46 
93 
82 . 06 
125 
106 . 89 exp.no. 
l-""'= 6. 88 
9 = 1 
r = (1% 
(Deviation2 2 
expectation 
3. 81 
Job 
Clean 
84 
Table 29 
CHEST SYMPTOMS TO EXPECTED I NCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
E. S.C . 
4 DYSPNOEA 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers /day or more Total exp . no . 
obs . no . 1:2 2- 31 51 
exp . no . 16 . 03 5. 60 35 . 08 56 . 71 
Dusty obs . no . 17 
15 . 97 
50 
45 . 92 
72 
66 . 29 exp . no . 
-x-v = 1 . 06 
{Deviation)2 
expectation 
0. 57 
0.49 
Job 
Clean 
85 
Table 30 
CHEST SYMPTOMS TO EXPECTED INCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
S. P. T •. 
1 COUGH 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers /day or more Total exp . no . 
obs . no . 1- 2 53 60 
exp . no . 4. 35 2. 50 50.68 57 . 52 
Dusty obs . no. 1 
0· 50 
20 
22.32 
23 
24 . 48 exp . no . 
{Deviation22 
expectation 
0. 11 
Job 
Clean 
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Table 31 
CHEST SYMPrOMS TO EXPECTED I NCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
S. P. T. 
2 COUGH AND PHLEGM 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers /day or more Total exp . no . 
obs . no . l- 1 44 48 
exp . no . 3. 29 1. 75 42 . 06 47 . 10 
Dusty obs . no . 2 1 
0 . 25 
17 
18 . 94 
20 
20 . 90 exp . no . 1. 71 
{Deviation)2 
expectation 
0 . 017 
0. 039 
Job 
Clean 
87 
Table 32 
CHEST SYMPl'OMS TO EXPECTED INCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
S. P • .T •• 
~ WHEEZE 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers / day or more Total exp . no . 
obs . no . L- 2 65 76 
exp. no . 9 . 13 3. 0 62 . 89 75 . 02 
Dusty obs . no . 2 
1.0 
25 
27 . ll 
32 
32 . 98 exp. no . 
1 = 1 
{Deviation)2 
expectation 
0 . 013 
0. 029 
Job 
Clean 
88 
Table 33 
CHEST SYMPTOMS TO EXPECTED I NCIDENCE AFTER STANDARDIZING 
FOR DIFFERENCES IN SMOKING HABIT 
S. P. T. 
4 DYSPNOEA 
Ratio Non- - 10 cig 10 cig/day Total obs . no . 
Smokers /day or more Total exp . no . 
obs . no . 6 1 ~2 42 
exp . no . 6. 91 1.0 29 . 79 37 . 70 
Dusty obs . no . 6 
-
1 
-
9 
14. 21 
16 
20 . 30 exp . no . 5 . 09 1.0 
{ Deviation}2 
expectation 
0. 49 
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DISCUSSION 
----------
I Follow up study 
For reasons mentioned in chapter 9, the large fall in the 
average maximum breathing capacity must be attributed at least 
partly to a personal factor . 'l'hat is to say to a difference in the 
degree to which the observers in 1952 and in 1964 were able to 
secure the co-op~ration of the subjects o It is not possible to 
make any allowance for this . The measurements of mixing eff'icienc 
are not subject in the same degree to personal f'actors in the experimenter, 
nor are they directly dependent upon the subjects co-operation; though 
if the latter is not forthcoming to an adequate degree no result can be 
obtained. One would expect that intrapulmonary mixing would become 
more iDperf'ect with increasing age ; and this is borne out by the 
observations of most workers that the mixing efficiency of a group 
of men is negatively correlated with age . 
The earlier steelworks study showed a regression on age of 
the overall index between - 04% and -05% per annum. This corresponds 
to a fall of' between 5% and. 6% in the overall index during the period 
between the two studies 0 However , more. detailed examination of the 
resul ts of the earlier study shows that the greater part of all the 
fall occurs between 20 and 40 years ot: age . Thus for those subjects 
between 20 and 40 years old at the time of the initial study a decline 
of about 10% in the mixing efficiency ,ould be expected , while for those 
over 40 the expected decline is less than half of this . 
The results ~or the older age- group also ShO¥l much greater scatter . 
The results for the rolling mill workers agree \Vi th this . The 
mixing efficiencies of the bricklayers seem to have altered ID a 
more erratic manner . A similar difference between the two groups 
appears in respect of the percentage residual volume . Here the 
earlier stuQy showed a r egular increase with age from 20 to about 
55 years of almost .45% per year , corresponding to an increase of 
5.4% over a 12 year interval . For the rolling mill workers the 
percentage residual volume has increased fairly regularly by an 
amount rather greater than this . For the furnace repairers however , 
aJ. though the average change is about that predicted, the individual 
changes are erratic . 
As was to be expected there was an increase over the t-welve year 
period in the proportion of men who reported respiratory symptoms . 
However, the numbers involved are too small to make a valid comparison 
between the two groups . 
There is no evidence that the workers exposed to dust deteriorated 
more rapidly than their contemporaries in cleaner work by objective tests 
or according to their symptoms . 
II 1964- - 66 study 
E . s . C. 
As seen in chapter 10, the average F .E .V -75 % 
F .V.C. 
is greater for 
non-smokers than for smokers , in some age groups at a significant 
level , this applies to both clean and dusty jobs . Comparing dusty 
with non- dusty occupations , the differences are slight and non 
signii'icant. 
In case of mixing efficiency non-smokers have on the whole a 
larger:' average value than the smokers in clean jobs, this difference 
is not persistent in case of dusty jobs . On the other hand the 
difference in mixing efficiency between clean and dusty jobs is not 
significant and has no consistent trend, 
The percentage residual volume is always larger in case of smokers 
than non- smokers in both clean and dusty jobs, i . e. the nature of the 
jobs has minimal effect in comparison to smoking . 
s . P . T . 
In this fir.m F .E .V. 75 does not differ significantly between smokers -~~.- %. 
F .V.C. 
and non- smokers . Comparing dusty and. non- dusty occupations , the 
differences are again slight but generally favour the clean jobs . 
~ In the clean jobs, the non- smokers have a higher M. E. 
while for the dusty occup~tions , there is no such consistent trend. 
''il'..en the dusty occupations are compared with the non-dusty ones 
the differences appear to depend on smoking habit . 
R.V. 
T. L. c . 
Slight differences generally favour the non-smokers , and 
it appears that there is no consistent dif erence between workers 
in dusty and non-dusty jobs . 
Chest Symptcms 
As noticed in chapter 11, the prevalence of cough, cough with sputum 
and wheeze is directly related to the alllount of cigarettes smoked. 
By relating the incidence of symptoms to smoking vdthout ref erence 
to dif erences of employment using the Chi-square test , it is foun 
that the association betv/een the am unt smoke and the sympton~ cough, 
cough with sputum and wheeze is of significance in both (E.S .C. ) and 
(S .P. T.). On the other hand, standardizing for differences in smoking 
habit , it is foW'l.d that at (S.P. T.) the incidence of the symptoms cough, 
cough with sputum and wheeze does not differ betvreen clean and dusty jobs . 
While in case of (E . S.C.) the same symptoms are significantly more 
common in the dusty occupations . 
" 
In summary, it seems that smoking has a more deleterious effect on 
both lung function tests and on the prevalence of chest symptoms than 
the nature of the job Cl 
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CONCLUSION 
From this survey we found that cigarette smoking 
is the main cause which affects the Respiratory Symptoms 
and Lung Function tests in both clean and dusty jobs. 
Dust, fumes and smoke have also an effect but inferior 
to smoking. 
Also in the following up of the subjects already 
examined in 1952 in clean and dusty jobs we found that 
ageing has more effect than the nature of the job itself. 
Therefore , so long as smoking is widespread, the 
improvement in dust control although in many cases 
essential for the prevention of Pneumoconiosis, is unlikely 
to be reflected in a diminished incidence of non-specific 
Pulmonary disease . 

APPENDIX 1 
.;,. 
1952 Results S.P.T. 
-------------------
M.E.% in Furnace Repairers 
:~ 
Age Group No. of SUbjects Smoking Av. M.E. S.E. per group 
26 + 5202 2.57 
20-29 
I 7 
-
56.7 9 0 04 
61 + 48.9 2.-4:2 
30-39 
13 
-
49.0 4.05 
89 + 42.8 1.45 
40-49 
16 
-
54.0 2.41 
50 + 40.8 2.02 
50-59 
9 
-
33.4 4.58 
96 
'l'ab.ill.e;:U. 
1952 Results S .P. T. 
M.E. % in Rolling Mills 
Age Group No. of subjects Smoking Av . M.E . S .E. 
per g roup 
61 +- 54.2 
xx 
2.18 
20-29 
15 xx 
-
68.7 3.32 
x 2.17 61 +- ~4.6 
30-39 
15 
-
55.5x 4.0 
6~ T 40.3xxx . 1.59 
40-49 
12 
-
55.6xxx 3.16 
40 + 41.6 2042 
50-59 
8 
-
46 04 4.15 
xxx means statistically significant at 0.1% level. 
xx " " "" 1 % " 
x " " " " " 
Age Group No. 
--
20-29 
. 
30-39 
40-49 
50-59 
1952 Results S .P. T. 
-------------------
R.v .______ in Furnace Repairers 
---rr.L.c • 
• 
• 
of subjects Smoking Av't~ 
per group T.L.c. 
26 .. 27.81 
7 
-
27.43 
61 + 31.37 
13 
-
31.00 
89 ... 36.79 
16 
-
33.18 
50 ... 42.64 
9 - 40 . 00 
S .E . 
1.66 
1.97 
0.83 
2.29 : 
0.90 
1.73 
1.62 
5.78 
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T&.b~e. i :v; 
1952 Re sults S . P. T. 
-------------------
R .v~ in Rolling Mills 
----- T. L.c. 
Ag e Group , No. of subject s Smoking Av.~ S .E . per group T. L.c. 
61 ... 26.1e .66 
20-29 -
15 
-
27.13 2.38 
61 ... 31.05 1 0 00 
30-39 
15 
-
30.20 1.26 
64 ..- 36.0ex 0.97 
40-49 
12 
-
27.58 
x 
1.08 
40 + 41.32 1.80 
50-59 
8 
-
35.25 2.69 
x means statistically significant at 5~ level 
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Table V " 
BriCkl~yers ' Department (S.P.T. ) Age below aG 
1 . I , - . . I . i Av. Av . R.V. I R.V. 
clock age age M.B.C • . M.B.C. T.L .C. T.L.C. M.E.% CE.% 
no . 1952 1964- 1952 1964- 1952 1964- 1952 19611-
\ 
8461 17 29 128 69 28 29 88 74-
8496 20 32 160.5 112 20 26 56 82 
7701 23 35 144- 102 .5 31 25 84- 101 
8705 23 35 156 .5 93 30 24- 96 54-
-
8631 25 37 128 107 38 40 60 75 
8569 27 39 171 136 24- 23 82 84 
841~ 29 4-1 94- .5 75 38 32 72 112 
J 
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Tabl..e. iT 
1952 Results S . P . T . 
-------------------
R .v~ in Rolling Mills 
____ T . L .c. 
-
Ag e Group , No. of sub jec ts . Smoking Av.~ S . E . 
-
per g roup T . L.c. 
61 ... 26.1 8 
.66 
20-29 
-
15 
-
27.13 2.38 
61 + 31.05 1 0 00 
30-39 
15 
-
30.20 1.26 
64 .- 36.08x 0.97 
40-49 
x 
12 
-
27058 1 0 08 
40 + 41.32 1.80 
50-59 
8 
-
35. 25 2.69 
x means sta tistically signif ican t at 5% level 
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Table v 
Brickl.ayers' Department (S.P.T.) Age below Cl 
. I t . , ~ , I Av. Av . R.V. ! R.V. i 
clock age age M.B .C • . M.B.C. T.L.C. T.L.C. M.E.% LE.% 
no. 1952 1964- 1952 1964- 1952 1964- 1952 
196LI-
-
8lt-61 17 29 128 69 28 29 88 74-
--
8496 20 32 160.5 112 20 26 56 82 
7701 23 35 14-4- 102.5 31 25 84- 101 
8705 23 35 156.5 93 30 24- 96 54 
-
8631 25 37 128 107 38 4-0 60 75 
8569 27 39 171 136 24- 23 82 84-
841 .. 8 29 4-l 94- .5 75 38 32 72 112 
. 
Clock a.ge 
no. 1952 
3138 16 
7834 19 
7046 20 
7036 21 
4873 21 
7888 21 
7036 21 
7890 22 
7892 22 
8285 23 
7056 23 
7882 23 
1867 24 
7808 24 
7071 24 
9422 25 
7174 26 
8293 26 
8282 28 
7849 29 
1 )0 
Table vi 
Rolling Mills (S.P.T.) Age below 30 
a.ge av. av. R.V. R.V. 
1964 M. B.C . M.B.C. T.L.C. T.L.C. 1952 1964 1952 1964 
28 78 127 21 23 
31 142.5 94 22 19 
32 88.3 92 35 46 
33 136 72.5 31 33 
33 167 120 33 34 
33 151 91 30 34 
33 136 72.5 31 33 
34 131.5 93 24 37 
34 160 101 20 30 
35 135 91 32 36 
35 172 154 17 19 
35 121.3 89 30 47 
36 93 104 25 31 
36 136.5 106 22 41 
36 153 67 25 30 
37 204 75 31 33 
38 162.5 114 24 36 
38 180 79 24 23 
40 140 84 25 39 
41 98 87 22 30 
M.E.% M.E.% , 
1952 1964 
105 75 t 
97 86 
73 92 
95 75 
88 89 
82 48 
95 75 
87 90 
-
86 
-
90 
79 67 
44 \ 37 
- 74 
94 90 
50 47 
96 93 
88 90 
91 101 
66 78 
. 
79 53 
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Tab 1 Sl wilii. 
Bri cklayers ' Department (S.P.T. ) Age 30 - 39 
, 
clock Av. 
Av . R.V: R.V. M.E.% M.E.% a ge age M.B . C. M.B.C. T.L .C. T.L.C . 
no . 1952 1964 19.52 1964 1952 1964 1952 1964 
8408 30 42 150 122 24 28 113 99 
8418 30 42 107 80 33 43 65 62 
8460 30 42 182 80 34 47 54 74 
- -- --
--- ---
-
9174 31 43 150 90 19 24 60 92 
--- --
-- - -- --
I-- -_ 
8494 31 43 147 73 27 36 78 82 
8646 31 43 101 61 29 53 79 72 
-
--- ----- - -- - ---
8524 32 44- 152.5 98 20 32 53 35 
-
8554 32 44- 112 .5 81 28 32 74 83 1-
-
-- I- - -
8897 32 44- 144- 116 32 31 53 82 
-
-
-
----1----- I---
Newcombe J . 34 46 95 .7 77 27 35 92 53 _ 
8845 35 47 98 .5 74 27 35 70 79 
8828 39 51 120 120 32 36 51 79 
8789 39 51 11 .. 6 124 _35 34 79 102 
1 02. 
Ta b1.e v.f.jili 
Rolling Mills (S.P.T.) Age 30 - 39 
! 
Clock av. av. R.V. R.V. M.E.% M.E.% age age M.B.C. M.B.C: . T.L.C. T.L.C. 
no . 1952 1964- 1952 1964- 1952 1964- 1952 1964-
--
784-1 32 44- 91.5 55 34- 4-5 4-5 30 
8281 33 4-5 163 4-8 35 4-3 84- 53 
7819 34- 4-6 197 101 36 4-6 4-8 33 
7820 34- 4-6 162.5 117 29 29 95 100 
7052 35 4-7 167.5 100 21 25 113 93 
7057 35 4-7 114- 88 4-0 4.4- 4-3 4-l 
6121 35 4-7 128 
-. 
82 29 39 88 67 
7138 36 4-8 128 .5 94- 27 36 108 102 
Gaskel1 36 4-8 14-0 53 32 42 61 42 
7898 36 4-8 134-.5 79 30 4-0 77 82 
7061 37 4-9 102 63 25 38 - 85 
7913 37 4-9 120 89 33 38 61 60 
7931 37 4-9 119 61 33 38 - 80 
7104- 37 4-9 14.8 85 35 4-5 36 27 
7821 37 4-9 99.5 34- 4.4- 54- 38 17 
7863 37 4-9 150.5 75 28 37 99 61 
7062 39 51 14-0 53 4-7 42 58 74-
~ '. 
10:} 
Bricklayers ' Department (S.P. T. ) Age 40 - 49 
clock liV. 
av . R.V. R.V. M.E.%" M.E.% age age M.B.C. M.B.C. T.L.C. T.L.C. 
no. 1952 1964 1952 1964 1952 1964 1952 1964 
8712 40 52 104- 51 37 37 58 65 
8895 41 53 106 47 37 33 45 97 
8728 41 53 59.5 34 32 40 76 95 
8504 41 53 102 62 43 40 56 50 
8566 41 54 157 117 38 32 64 104 
8427 41 53 100 25 38 54 - 61 '. 
8852 42 54 74.8 83 31 37 73 73 
8713 43 55 178 112 32 41 36 48 
8433 43 55 102 77 38 40 ' 46 39 
7276 43 55 127 87 38 36 50 54 
Al1en D. 45 57 134 123.5 31 35 - -
8755 46 58 145 37 37 39 78 84 
8473 48 60 97.7 61 34 56 75 63 
8458 48 60 78 49 38 55 78 40 
9047 49 61 135 .5 65 37 42 58 60 
i , 
I 
clock age 
no . 1952 
7824 40 
---..... _.-
7065 40 
7084- 40 
7111 41 
8042 41 
7900 41 
7814 43 
. 
7092 43 
1- 7828 43 
Burton L. 43 
7041 44 
7079 46 
1- 7042 47 
7080 47 
t-
7843 47 
7098 47 
7811 48 
7085 48 
7087 48 
7823 49 
7032 49 
~-
1<4-Table, x:: 
Rolling Mills (S. P. T.) Age 40 - 49 
1 . 1 . R.V . ~ R.V. av . av . age 
- ' M.B.C. M.B. C. T .L: C • . T.L.C. 1964 1952 1964 1952 1964 
52 109 .4 42 33 44 
- -
1- - .- -
52 133 75 .5 22 34 
52 106 .5 88 29 39 
53 135 .4 57 34 34 
53 118 .5 91 26 30 
53 120 .5 65 .5 29 35 
55 114 68 49 53 
55 144 75 29 40 
55 127 59 29 34 
55 105 78 28 38 
56 138 68 38 39 
58 117 .5 46 31 36 
59 118 51 36 40 
59 106 .5 31.5 41 L .. 5 
59 143 66 27 26 
59 175 .5 67 29 36 
60 69 .5 19 54 69 
60 85 45 41 43 
60 96 .5 43 36 44 
61 112 53 26 43 
61 133 .3 98 40 45 
M. E .% 1,{ . E . % 
1952 1964 . 
47 52 
-
- .1-.. - _ ....... 
80 24 
--.. ~. "' ~ -
24 62 
o v_ .. _ 
27 65 
•• _ •• 0" 
52 48 
--... ...... .... , 
81 57 
.. ....... ' .... 
42 32 
-- .... 
62 43 
-
74 90 
-.. 
59 89 
... 
81 93 
81 48 
41 78 
44 40 
...... 
68 58 
.... 
88 68 
_u· 
-
58 
-' 
55 42 
.~ " 
43 37 
-.. ~.~ 
22 38 
._ .. .. 
44 56 
I- # , '" 
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Tabllel rl 
Bricklayers ' Department (S.P.T.) Age 50+ 
I 
. ! I 
clock Av . Av . R.V. R.V. .E.% .E.% age age 1.B.C. M.B.C. T.L .C. T.L.C. 
no . 1952 1964- 1952 1964 1952 1964- 1952 1964 
-
8464 50 62 97 71 44- 55 71 94 
. . 
9323 54 66 127 56 21 31 50 72 
. 
_ .... .,. 
8816 54 66 37.8 - 31 50 53 63 
,. 
8628 58 70 112 50 31 43 66 64 
8785 58 70 62 .5 - 52 58 46 53 
-
8572 62 74 66 .6 31 49 47 30 47 
.... . 
8423 62 74 40 .8 - 43 47 47 61 
~ , 
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rpa, bilLe: xm.. 
,'1/ 
Rolling Mills (S. P • T • ) Age 50+ 
av . av . R.V. R.V. M.E.% M.E.% 
clock no. age age M.B.C. M.B.C. T.L.C. T.L.C. 1952 1964 1952 1964 1952 1964 1952 1964 
7093 50 52 148.5 65 36 40 82 109 
- ---- .. - ---.. 1-----r----.- ---------
7109 50 62 112.5 51 23 39 59 46 
-
:----- 1--- - -
7847 51 63 122 72 22 39 66 81 
I 
-------- -
----- I 
7118 51 63 86.3 53 44- 44- 31 I 47 
I ~.---.-
, 
7089 52 64 67.3 64 35 46 88 83 , 
-- ---
7120 52 64- 106 I 54- 25 30 79 102 
----- ----------
7868 53 65 73 37 44- 50 18 26 
-
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Table xiii 
BriCklayers' Department (S.P.T.) Age bel0 30 
clock age year cough phlegm \'I'heeze dyspnoea 
no . 
8461 17 1952 - - - -
29 1964 - - - -
8496 20 1952 - - - -
33 1964 - - + -
7701 23 1952 - - - -
35 1964 - - - -
8705 23 1952 - - - -
35 1964 - - - -
. 
8631 25 1952 - - - -
37 1964 - - - -
8569 27 1952 
- - - -
39 1964 - - - -
8448 29 1952 - - - -
41 1964 - -
- -
1Q8 
Table x iv 
Rolling Mills (S.P.T.) Age below ~aO 
. 
clock 
age year cough phlegm wheeze dyspnoea 
no. 
3138 16 1952 - - - -
28 1964 + - - -
7834 19 1952 - - - -
31 1964 + - + + 
7046 20 1952 - - - -
32 1964 - - - -
7036 21 1952 
- - - -
33 1964 - - + -
4873 21 1952 
- - - -
33 1964 - - - -
I--" 
7888 21 1952 
- - - -
33 1964 - - + -
7036 21 1952 
- - - -
33 1964 
- - + -
7890 22 1952 - - - -
34 1964 - - - -
8285 23 1952 
- - - -
35 1964 - - - -
7056 23 1952 - - - -
35 1964 - - - -
7882 23 1952 - - - -
35 1964 + + + -
1867 24 1952 + + + + 
36 1964 + + - + 
7808 24 1952 - - - -
36 1964 
- - - -
7071 24 1952 + - - -
36 1964 
- - - -
9422 25 1952 - - - -
37 1964 - - - -
7174 26 1952 - - - -
38 1964 
- -
- -
8293 26 1952 - - - -
38 1964 - - - -
8282 28 1952 
- - -
-
40 1964-
- - -
-
7849 29 1952 - - - -
41 1964 
- - + -
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Table xv 
Bricklayers' Department (S.P.T.) Age 30 - 39 
clock a.ge year cough phlegm wheeze d.yspnoea. 
no. 
84-08 30 1952 
- - -
-
42 1964- + + + -
8418 30 1952 
- - - -
42 1964- - - + -
8460 30 1952 
- - - -
42 1964- - - + -
9174- 31 1952 - - - -
4-3 1964- + + + 
-
8494- 31 1952 - - - -4-3 1964- + + + + 
8646 31 1952 
- - - -
4-3 1964-
- -
+ -
8524- 32 1952 
- - + -
44- 1964- + + + -
8554- 32 1952 - - - -
44- 1964- + + + -
8897 32 1952 + - - -
44- 1964-
- - - -
Newcombe J. 34- 1952 
- - - -46 1964-
- - + -
884-5 35 1952 
- - - -
47 1964 - - - -
8828 39 1952 
- - - -51 1964- - - + + 
8789 39 1952 - -
- -51 1964-
- - - -
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Table xvi 
Rolling Mills (S.P.T.) Age 30 - 39 
clock cough phlegm wheeze dyspnoea 
no • 
age year 
784J. 32 1952 + + - -
44 1964 + + + + 
8281 33 1952 - - - -
45 1964 - - - + 
7819 34 1952 1 - - - -
46 1964 - - - -
7820 34 1952 - - - -
46 1964 - - - -
7052 35 1952 - - - -
47 1964 - - - -
7057 35 1952 - - - -
47 1964 + + + -
6121 35 1952 - - - -
47 1964 + + - + 
7138 36 1952 - - - -
48 1964 - - - -
Gaske11 36 1952 
-
- -
-
48 1964 + - + + 
7898 36 1952 
- - - -
48 1964 - - - -
7061 37 1952 + - - -49 1964 + - - -
7913 37 1952 - - - + 
49 1964 
- - + + 
7931 37 1952 
- - - -49 1964 
- - - -
7104 37 1952 + + + -49 1964 + + + + 
7821 37 1952 - - + 
-49 1964 + + + + -~~ !.- _ .. 1-
7863 37 1952 - - - -
49 1964- - - - -
\ 7062 39 1952 - - - -51 1964 + + - -
- -'0._. 
Bricklayers' Department (S.P.T.) Age 40 - 49 
clock age year 
no . 
cough phlegm wheeze dyspnoea 
8712 40 1952 
- - - -
52 1964 - - - -
8895 41 1952 - - + -
53 1964 + + + + 
8728 41 1952 - - - -
53 1964 - - - -
8504 41 1952 - - - -
53 1964 - - - -
8566 41 1952 - - - -
53 1964 - - - -
8852 42 1952 
- - + -
54 1964 + + + -
8713 43 1952 - - - -55 1964 - - - -
8433 43 1952 - - - -
55 1964 - - + -
7276 43 1952 + + + -
55 1964 + + + + 
8755 46 1952 
- - - -58 1964 
- - + + 
8473 48 1952 - - -
-60 1964 
- - - + 
8458 48 1952 - - + -60 1964 + + + -
9047 49 1952 + + + 
-61 1964 
- - - + 
· ' -~ 
clock 
no. 
7824 
7065 
7084 
7111 
8042 
7900 
7814 
7092 
7828 
Burton L. 
7Q4J. 
7079 
7042 
7080 
7843 
7098 
7811 
\ 
7085 
1"- 7087 
i 7823 
\ 7032 
\ 
..,.. ... . 
age 
- .. ·40 
52 
40 
52 
40 
52 
41 
53 
41 
53 
41 
53 
43 
55 
43 
55 
4-3 
55 
43 
55 
44-
56 
46 
58 
4-7 
59 
4-7 
59 
4-7 
59 
4-7 
59 
48 
60 
4-8 
60 
48 
60 
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Table xvi'ii 
Rolling Mills CS.P.T.) Age 40 - 49 
year cough phlegm wheeze 
1952 - - -
1964- - - -
1952 - - -
1964- - - -
1952 + - + 
1964- + + + 
1952 - - -
1964- - - + 
1952 - - -
1964 - ,., - -.. 
1952 + + -
1964- + + -
1952 + - + 
1964- + - + 
1952 
- - -
1964 + + + 
1952 - - -
1964- + + + 
1952 - - -
1964-
- - -
1952 
- - -
1964-
- - + 
1952 
- - -
1964-
- - -
1952 
- - -
1964-
- - + 
1952 
- -
-
1964-
- - -
1952 
- - -1964-
- - -
1952 
- - -
1964-
- - -
1952 - - -
1964- + + + 
1952 + - -
1964 + - -
1952 
- -
+ 
1964 + + + 
49 . 1952 + - + 
61 1964 + - -
49 1952 - - -
61 1964- + - -
dyspnoea 
-
-
, 
-
-
-
+ 
-
7' 
-
-
-
-
+ 
+ 
-
-
-
-
-
-
-
-
-
-
+ 
-
-
-
+ 
-
-
-
-
---
-
+ 
-
+ 
+ 
+ 
+ 
-
-
+ 
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Table xit 
Bricklayers' Department (S.P.T.) Age 50+ 
Clock age year cough phlegm vlheeze dyspnoea 
no. 
~ 
8464- 50 1952 - - - -
62 1964- - - + + 
9323 54- 1952 - - - -
66 1964- - - - -
8816 54- 1952 + + + + 
66 1964- + + + + 
8628 58 1952 + + + -
70 1964- .., + + + 
8785 57 1952 - - - -
69 1964- + + + + 
8572 62 1952 - - - -
74- 1964- + + - -
• 
. , 
8423 62 1952 - - - + 
74- 1964- - - - + 
clock age 
no. 
7093 50 
62 
7109 50 
62 
7847 51 
63 
7118 51 
63 
7089 52 
64 
7120 52 
64 
7868 53 
65 
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Table JOl!: 
Rolling Mills (S.P.T.) Age 50+ 
year cough phlegm 
1952 
-
-
1964 + + 
1952 - -
1964 
- -
1952 
- -1964 + + 
1952 
- -
1964 + + 
1952 + + 
1964 
- -
1952 
- -
1964 - -
1952 
- -1964 + + 
I 
wheeze dyspnoea 
- -
+ + 
- -
+ + 
-
- -
+ + 
- -
- + 
+ -
+ -
- -
- -
- -
+ + 
APPENDIX 4 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64-
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Table XXI 
Average V.C. in Dusty Jobs (E.S.C.) 
Av. No. of Smoki.ng Average 
age persons habit V.C. 
per group 
26.46 13 4.46 
25.16 38 + 4.92 
34.29 17 40 26 
33066 41 + 4.32 
43.69 16 4.40 
44.11 47 + 4.22 
15 3.88 
54.18 37 + 3.80 
62.00 4 3.39 
61.78 9 + 3.27 
S.D. S.E. 
.91 .26 
.97 .16 
.75 .19 
067 .11 
067 .18 
.57 .08 
.53 014 
.71 .12 
.81 .47 
076 .27 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
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Table XXII 
Average V.C. in Clean Jobs (E.S.C.) 
Av. 
age 
17.14 
18.25 
25.00 
25.55 
33 .52 
35.52 
45.30 
45.75 
55.07 
54.56 
62.25 
61.56 
HQ . of 
persons 
per group 
7 
4 
12 
38 
17 
23 
10 
28 
14 
27 
8 
16 
Smoking 
habit 
+ 
+ 
+ 
+ 
+ 
+ 
Average 
V.C. 
4.46 
4.82 
4.59 
4.85 
4.42 
4.63 
3.79 
4.15 
3.88 
3.81 
3.85 
3.10 
S.D. S.E. 
.83 
. 34 
.20 .11 
1.11 
.34 
.77 .13 
.49 .12 
.60 .13 
.57 .19 
.51 .10 
.62 .17 
.86 .17 
.53 .20 
.52 013 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
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Table XXIII 
Average F.E.V 7r}n Dusty Jobs (E.S.C.) 
Av. 
age 
26.46 
250 16 
34.29 
33.66 
43.69 
44.11 
55067 
54.18 
62.00 
61.78 
No. of 
persons 
per group 
13 
38 
17 
41 
16 
47 
15 
37 
4 
9 
Smoking 
habit 
+ 
+ 
+ 
+ 
+ 
Average 
F.E.V. 
3.69 
3.62 
3.12 
3.17 
3.22* 
2.83* 
2.70 
2.17 
1.86 
1.94 
* Significant at ~ level 
S.D. S.E. 
071 .20 
.64 .11 
.50 .13 
.52 .08 
.73 .19 
.59 .09 
.56 .16 
072 .12 
.24 .14 
.46 .16 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
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['able XXIV 
Average F . E. V {~ Clean Jobs ( E . S.C.) 
Av. 
age 
17.14 
18.25 
25.00 
25.55 
33.52 
35.52 
44.82 
45.75 
55.07 
54.56 
62.25 
61.56 
No . of 
persons 
per group 
7 
4 
12 
38 
17 
23 
11 
28 
14 
27 
8 
16 
Smoking 
habit 
+ 
+ 
+ 
+ 
+ 
+ 
Average 
F.E.V. 
3.52 
3060 
3.40 
3.54 
3016 
3.27 
2.61 
2.54 
2.64 
2.20 
2.43* 
1.90· 
• Significant at ~ level 
S.D. S .E. 
.69 028 
.25 .15 
.88 .26 
064 011 
.50 012 
.60 .13 
.47 .15 
.61 .12 
.44 .12 
.76 .15 
063 .24 
.45 .12 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
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Table XXII 
Average V.C. in Bricklayers ' Department (S.P.T.) 
Av. 
age 
25.33 
24.60 
33.75 
34.89 
43.20 
44.05 
54 
54.14 
62.50 
61.25 
No. of Smoking 
persons habit 
per group 
3 
10 + 
8 
9 + 
5 
18 + 
8 
14 + 
2 
4 + 
Average 
V.C. 
5015 
5.18 
4.87 
4.81 
4.27 
4.60 
3.96 
4.08 
3.47 
3.63 
S.D. 
.21 
1.25 
.54 
0lj.3 
1.00 
1009 
.53 
.56 
.32 
.77 
S.E. 
.15 
.42 
.20 
.15 
.50 
.26 
.20 
.16 
032 
.45 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
1 2a 
Table XXVI 
Average V.C. in Rolling Mills (S.P.T.) 
Av. 
age 
17.75 
18 
23.36 
24.44-
32.83 
34.37 
47 
46.53 
53.80 
54.09 
62 
61.77 
No . of 
persons 
per group 
8 
13 
11 
34 
6 
41 
5 
15 
5 
23 
4 
13 
Smoking 
habit 
+ 
+ 
+ 
+ 
+ 
+ 
Average 
V.C. 
4.82 
4.87 
4095 
5016 
4.96 
4.48 
4019 
4.14 
4.54 
3.94 
3.88 
3.46 
S.D. S.E. 
.61 .23 
.41 012 
.62 .20 
.75 .13 
.81 .36 
.81 013 
.36 .18 
076 .20 
1.17 .58 
054 .12 
.50 . 29 
.65 019 
12.1 
Table XXVII 
Average F.E.V. in Bricklayers' Department (S.P.T.) 
75 
Age Group 
years old 
Below 20 
From 20 - 29 
From 30 - 39 
From 40 - 49 
From 50 - 59 
From 60 - 64 
Av. 
age 
25.33 
24.60 
33.75 
34.89 
43.20 
41+005 
54 
54.14 
62.50 
61.25 
No. of Smoking 
persons habit 
per group 
3 
10 + 
8 
9 + 
5 
18 + 
8 
14 + 
2 
4 + 
Average 
F.E.V· 75 
3.54 
3.78 
3.50 
3.45 
2.92 
2.95 
2.58* 
2.47* 
2025 
2.01 
* Significant at ~ level 
S.D. S.E. 
.20 .14 
.69 .23 
056 .21 
.37 .13 
.50 .25 
.71 .17 
055 .21 
073 020 
.89 .89 
.38 .22 
i Table XXVIII 
Average F.E.V. 75 in Rolling Mills (S.P.T.) 
Age Group Av. No. of Smoking Average 
years old age persons habit F .E.V· 75 S.D. S.E. per group 
17.75 8 3.35 1.33 .50 
Below 20 
18 13 + 3.85 1.04 .30 
23.36 11 4.02 .50 .16 
From 20 - 29 
24.44- 34 + 3.81 061 011 
32.83 6 3.73 .41 .18 
From 30 - 39 
34.37 4-1 + 3.38 .66 .11 
47 5 3.25 .98 .49 
From 4-0 - 4-9 
4-6.92 13 + 2.87 .65 .19 
53.80 5 3.39* .70 .35 
From 50 - 59 
54.09 23 + 2.54-* .62 .13 
62 4 2.28 .89 .52 
From 60 - 64 
61.77 13 + 2.06 .47 .13 
* Significant at ~ level 
APPENDIX 5 
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Table ~XI)( 
E. S. C •. 
1 - COUGH 
Age Job Non Less 10 cig. Av. 
Group Smokers than 10 /day or age 
cig/day more 
a)No . in group 20 7 39 
b)No . with symptoms 0 0 3 
Clean ( observed) 24 c)No . with symptoms 2 . 4 . 84 4 . 68 
( expected) 
Under b/c 0 0 . 641 
30 a)No . in group 14 5 40 
b)No . with symptoms 0 0 12 
Dusty ( observed) 25 c)No . with symptoms 1.68 . 6 4 . 8 
( expected) 
b/c 0 0 2 . 50 
a)No . in_group 18 7 21 
b)No. with symptoms 0 0 5 
Clean ( observed) 35 c)No . with symptoms 3. 29 1. 28 3. 84 
( expected) 
30 - 39 b/c 0 0 1.30 
a)No . in group 18 3 42 
b)No . with symptoms 1 0 14 
Dusty ( observed) 34 c)No. with symptoms 3. 29 . 549 7. 69 
( expected) I 
b/ c . 30 0 1.82 
a )No . in group 11 6 26 
b )No . with symptoms 2 0 10 
Clean ( observed) 45 c)No . with symptoms 3. 86 2. 11 9.13 
b/c 
( expected) I 
40 - 49 . 518 , 0 1 . 095 I a)No. in group 18 4 49 
b)No. with symptoms 2 1 25 I 
Dusty 
c )No . 
( observed) 44 with symptoms 6 . 32 1. 40 17 . 199 
b/c 
( expected) 
. 316 . 714 1.45 
a)No . in group 23 10 39 
b)No . with symptoms 4 1 16 
Clean 
c)No . 
( observed) 
57 with symptoms 9 . 02 3. 92 15 . 29 
b/c 
( expected) 
50 + . 443 . 255 1.046 
over a)No . in group 20 8 43 b)No . with symptoms 3 2 30 
Dusty ( observed ) 55 c )No . with symptoms 7. 84 I 3. 14 16 . 86 
b/c 
( expected) 
. 383 . 637 1 . 779 
a)No . in group 72 30 125 
b)No . with symptoms 6 1 34 
Clean ( Observed) 
c)No . with symptoms 18 . 57 8 . 15 32 . 94 
( expected) 
\ All b/ c . 323 0 . 123 1.032 ages a )No . in group 70 20 174 
b )No . with symptoms 6 3 81 
\ Dusty 
(observed) 
c )No . with symptoms 19 . 13 5 . 69 46 . 55 
b/ c 
( expected) 
. 31 . 53 1 . 74 
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Tab 1 e XX)c. 
E. S. C. 
11 - COUGH & PHLEGM 
Age Job 
J 
Non Less 10 cig. Av. 
Group Smokers than 10 Iday or age 
cig/day more 
a)No . in group 20 7 39 
b)No . with symptoms 0 0 1 
Clean ( observed) 24 
c) No. with symptoms 1.6 . 56 3. 12 
( expected) 
Under b/c 0 0 . 320 
30 a)No. in group 14 5 40 
b)No . with symptoms 0 0 9 
Dusty (observed) 25 
c)No . with symptoms 1. 12 . 4 3. 2 
( expected) 
b/c 0 0 2. 81 
a)No . in group 18 7 21 
b)No . with symptoms 0 0 4 
Clean (observed) 35 c)No . \-1i th sympt oms 2. 48 . 966 2 . 90 
30 - 39 b/c 
( expected) 
0 0 1.38 
a)No . in group 18 3 42 
b)No . with symptoms 1 0 10 
Dusty (observed) 34 c)No . with symptoms 2 . 48 . 414 5 . 796 
b/c 
( expected) 
. 403 0 1. 725 
a)No . in group 11 6 26 
b)No . with symptoms 1 0 9 
Clean 
c)No . 
(observed) 
with sympt oms 3. 38 1 . 84 1 . 98 45 
b/c 
( expected) 
40 - 49 . 296 0 1.128 
a)No . in group 18 4 49 
b)No . with symptoms 1 0 24 
Dusty 
c)No . 
( observed) 44 with symptoms 5 . 53 1 . 23 15 . 04 
b/c 
( expected) 
. 1808 0 1. 596 
a)No . in group 23 10 39 ---
b)No . with symptoms 3 · 1 16 
Clean 
c)No . 
(observed) 
57 with symptoms 7. 73 3. 36 13 . 10 
b/c 
( expected) 
. 388 50 + . 298 1. 22 
over a)No . in group 20 8 43 
b)No . with symptoms 4 2 22 
Dusty ( observed) 55 c)No . with sympt oms 6 . 72 2. 69 14. 45 
b/c 
( expect$d) 
. 595 . 743 1. 522 
-- - -
a)No . in group 72 30 125 
b)No . with symptoms 4 1 30 
Clean ( observed) 
c)No . with symptoms 15 . 19 6 . 726 27. 10 
( expected) I 
All b/c . 263 . 149 1 . 107 
ages a)No . in group 70 20 174 
b)No . with symptoms 6 2 65 
Dusty ( observed) c)No . \,li t h sympt oms 15 . 85 4 . 734 38 . 49 
( expected) 
b/c . 38 . 42 1.69 
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Table ~lXl 
E.S . C. 
rII - WHEEZE 
Age Job I Non Less 10 cig. Av. 
Group Smokers than 10 /qay or age 
cig/day more 
a)No . in group 20 7 39 
b)No . with symptoms 2 0 6 
Clean ( observed) 24 c)No . with symptoms 4. 6 1. 61 9.05 
( expected) 
Under b/c . 435 0 . 663 
30 a)No . in group 14 5 40 
b)No . with symptoms 3 0 18 
Dusty ( observed) 25 c)No~ with symptoms 3. 25 1. 16 9. 28 
( expected) 
b/c . 923 0 1.94 
a)No . in group 18 1 21 
b)No . with symptoms 3 1 6 
Clean 
c)No . 
(observed) 
with symptoms 5. 29 2. 06 6. 11 35 
( expected) 
30 - 39 b/c .561 . 485 . 912 
a)No . in group 18 3 42 
b)No . with symptoms 6 0 16 
Dusty ( observed)" 34 c)No . with symptoms 5. 29 . 88 12 . 35 
( expected) 
b/c 1. 134 o . 1. 295 
a)No . in group 11 6 26 
b)No . with symptoms 2 0 11 
Clean 
c)No . 
(observed) 
45 with symptoms 4. 63 2. 53 10. 95 
40 - 49 1 b/c 
( expected) 
. 432 0 1. 005 
I a)No . in group 18 4 49 I b)No . with symptoms 1 1 21 
Dusty 
c)No . 
( observed) 
44 with symptoms 1. 58 1. 68 20. 63 
b/c 
( expected) 
. 933 . 595 1.309 
a)No . in group 23 10 39 b)No . with symptoms 9 2 26 
Clean 
c)No . 
(observed) 
51 with symptoms 13. 50 5. 87 22 . 89 ( expected) 
50 + b/c 
. 667 0341 1. 136 
over :- a)No . in group 20 8 43 b)No . with symptoms 11 4 32 
Dusty , ( observed) 55 c)No . with symptoms 11 . 74 4. 696 25 . 24 ( expected) 
b/c 0. 931 . 852 1.268 
a)No . in group 12 30 125 
b)No. with symptoms 16 3 49 
Clean ( observed) 
c )No . with symptoms 28 . 02 12 . 07 49 . 06 ( expected) 
All b/c · 571 . 248 0· 999 
ages a)No . in group 70 20 174 b)No . with symptoms 27 5 93 
Dusty ( observed) 
. I c )No . with symptoms 27 . 86 8. 416 67 .50 ( expected) 
b/c . 97 .59 1038 
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Table ~)(~1I 
E. S. C. 
IV - DYSPNOEA 
Age Job Non Less 10 ci g. Av. 
Group Smokers than 10 /day or age 
cig/day more 
a)No . in' group 20 1 39 
bJ)No . with symptoms 0 0 1 
Clean (observed) 24 c)No . with symptoms 1.12 
• 39 2. 18 ( expected) 
Under b/c 0 0 
. 459 
30 a)No . in group 14 5 40 
b)No . with symptoms 0 0 6 
Dusty ( observed) 25 c )No . with symptoms . 184 . 28 2. 21 
( expected) 
b/c 0 0 2 . 619 
a)No . in group 18 1 21 
b)No . with symptoms 2 0 3 
Clean (observed) 35 c)No . with symptoms 1. 49 . 58 1. 14 
( expected) 
30 - 39 b/c 1. 342 0 1. 124 
a)No . in group 18 3 42 
b)No . with symptoms 2 0 2 
Dusty 
c)No . 
(observed) , 
34 with symptoms 1. 49 . 25 3. 49 
b/c 
( expected) 
1. 342 0 . 513 
a)No . in group 11 6 26 
b)No . with symptoms 1 0 8 
Clean (observed) 45 c)No . wit~e~~~gig~~ 2. 19 1. 52 6 . 60 40 - 49 b~C . 358 0 1. 212 
a No . in group 18 4 49 b)No . with symptoms 5 1 14 
Dusty 
c)No . 
(observed) 
44 with symptoms 4 . 51 1. 02 12 . 45 
b/c 
(expected) 
1.094 . 980 1. 1245 
a)No . in group 23 10 39 b)No . with symptoms 12 5 19 
Clean 
c ).No. 
(observed ) 
57 with symptoms 12 . 535 5 . 45 21. 255 50 + ( expected) 
ov,er b/c 
. 951 . 911 
. 894 
a )No . in group 20 8 43 b)No . with symptoms 10 4 28 
Dusty 
c )No . 
( observed) 
55 with symptoms 10. 9 4 . 36 23 . 435 (expected ) 
b/c . 911 . 911 1. 195 
a)No . in group 72 30 125 
b)No . with symptoms 15 5 31 
Clean (observed) , 
c)No. with symptoms 17 . 935 7. 94 31 . 775 ( expected) 
. 836 . 6297 All b/c . 976 
ages a)No . in group 70 20 174 
b)No . with symptoms I 17 5 50 
Dusty (observed) 5. 91 41.615 ' c)No . with symptoms 17. 744 
( expected) 
b/c . 96 . 85 1. 20 I 
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Table ~xxnt 
S. P • .T . 
1 - COUGH 
Age Job I Non Less 10 cig. Av . 
Group Smokers than 10 /day or age 
cig/day more 
a)No . in group 19 2 46 1 b)No . with symptoms 2 0 11 
Clean (observed) 22 
c)No . vTi th symptoms 3. 519 . 3704 I 8 . 52 
(expected) 
Under . 568 0 1 . 29 
30 in group -3 1 10 
with symptoms 0 0 2 
Dusty ( observed) 25 c)No. with symptoms . 556 . 1852 1 . 852 
( expected) 
b/c 0 0 1 . 0799 
a)No . in group 7 t 4 38 
b)No . with symptoms 0 1 17 
Clean 
c)No . 
( observed) 
with symptoms 2. 12 1 . 21 11.51 34 
b/c 
( expected) 
30 - 39 0 . 826 1 . 477 
a)No . in group 8 0 9 
b)No . with symptoms 0 0 2 
Dusty 
c)No. 
( observed) 
34 with symptoms 2. 424 0 2 .73 
b/c 
(expected) 
0 0 .733 
a)No . in group 4 3 15 
b)No . with symptoms 0 1 7 
Clean 
c)No. 
(observed) 46 with symptoms 1.652 1. 239 6 . 195 
b/c 
( expected) 
40 - 4 0 . 807 1.1299 I 
a)No . in group 6 1 17 
b)No . with sympt oms. 0 1 10 
Dusty 
c)No. 
( observed) 
44 with symptoms 2 . 478 . 413 7. 035 
b/c 
(expected) 
1 0 2. 439 1.435 -a)No . in group 11 3 34 b)No . with symptoms 3 0 18 
Clean 
c)No. 
( observed) 
51 with symptoms 4 . 198 1 . 145 12 . 914 
I b/c ( expected) 50 + 
r: 
. 715 0 1 . 387 
over a)No . in group 10 3 15 b)No . with symptoms 
I 2 0 6 ( observed) 
c)No . with symptoms 3. 816 1. 145 5 .724 56 (expected) 
b/c . 524 0 1 . 048 
a)No . in group 41 12 (33 b)No . with symptoms 5 2 53 
Clean ( observed) 
c) No . with symptoms 11 . 489 3. 964 I 39 . 199 (expected) 
\ All b/c . 435 . 5045 1 . 352 
ages a)No . in group 27 5 51 
b)No . with symptoms 2 1 20 
Dusty ( observed) 
c )No . with symptoms 9. 274 1.743 17 . 341 
( expected) 
b/c . 2151 . 574 1 . 153 
Age 
Group 
Under 
30 
Job 
Clean 
Dusty 
---------------+------
Clean 
30 - 39 
Dusty 
Clean 
40 - 49 
Dusty 
--------------~------
50 + 
over 
All 
ages 
L 
Clean 
Dusty 
Clean 
Dusty 
, .... c. 
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Table X~XIV' 
S. P. T •. 
11 - COUGH AND PHLEGM 
a)No . 
• b )No . 
c)No . 
b/c 
a)No . 
b)No . 
c) No . 
b/c 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
(observed) 
with symptoms 
( expected) 
a)No . in group 
b)No . with symptoms 
( observed) 
c)No . with symptoms 
( expected) 
b/c 
a)No . 
b)No . 
c)No. 
b/c 
a)No . 
b)No . 
c)No. 
b/c 
a)No . 
b)No . 
c) No. 
b/c 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
(observed) 
with symptoms 
(expected) I 
Non 
Smokers 
19 
2 
2. 812 
. 711 
3 
o 
o 
7 
o 
.444 
1.81 
o 
8 
o 
2. 064 
o 
4 
o 
o 
6 
o 
2. 10 
o 
- -----.., -11 
1 
a)No . in group 
b)No . with symptoms 
( observed) 
c)No . with symptoms 
( expected) 
b/c 
a)No . 
b)No . 
c )No . 
blc 
a)No . 
b)No . 
c)No . 
b/c 
a)No . 
b)No . 
c) No . 
blc 
in group 
with symptoms ' 
( observed) 
with symptoms 
( expect ed) I 
in group 
with symptoms 
~( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
( observed) 
with symptoms 
( expect ed) I 
. 300 
10 
2 
3 . 0 26 
. 661 
41 
3 
9. 351 
. 321 
27 
2 
7. 634 
. 262 
Less 
than 10 
cig/day 
2 
o 
o 
1 
o 
o 
4 
1 
. 296 
. 148 
1. 03 
. 971 
o 
o 
o 
o 
3 
o 
1. 05 
o 
1 
1 
. 35 
2. 86 
3 
o 
o 
3 
o 
o 
12 
1 
. 9078 
. 9018 
3. 284 
. 3045 
5 
1 
1. 406 
. 711 
/ 10 cig. 
day or 
more 
46 
9 
6. 808 
1. 322 
10 
1 
38 
14 
9. 804 
1. 428 
9 
2 
2 . 32 
. 862 
15 
6 
5. 25 
1. 143 
17 
9 
Av . 
age 
22 
25 
I 34 
34 
5. 95 1 
1. 513 
34 
15 
44 
10. 2884 
1.458. 
15 
5 
4. 54 
1.101 
133 
44 
32 . 150 
1.369 
51 
17 
14 . 29 
1. 19 
57 
Age 
Group 
Under 
30 
Job 
Clean 
Dusty 
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Table 1. '1...,..", 
s. P.T •. 
III - WHEEZE 
I Non Smokers 
a)No . 
b)No . 
c)No . 
b/c 
in group 
with symptoms 
(observed) I 
wi th symptoms I 
( expected) 
a)NO:-in group 
b)No . with symptoms 
19 
5 
6.099 
. 8198 
3 
1 
( observed) 
c)No . with symptoms 
( expected) 
- ~/::. ----- 1. 032 
1 
Clean 
30 - 39 
Dusty 
Clean 
a)No . 
b)No . 
c)No . 
b/c 
a)No . 
b)No . 
c)No . 
b/c 
a)No . 
b)No . 
c)No . 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
( observed) 
with symptoms 
(expected) I 
-t-in group 
with symptoms 
40 - 49_-_~bLc_ 
( observed) 
with symptoms 
(expected) 
Dusty 
~~------------~-
50 + 
over 
All 
ages 
Clean 
Dusty 
Clean 
Dusty 
a)No . in group 
b)No . with symptoms 
c)No . 
bic 
(observed) , 
with symptoms 
( expected) 
---- - ----.; 
a)No . 
b)No . 
c)No . 
b/c 
a)No . 
b)No . 
c)No . 
blc 
a)No . 
b)No . 
c)No . 
b/c 
a)No . 
b)No . 
c)No . 
b / c 
in group ; 
with symptoms I 
( observed) 
with symptoms 
(expected) 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
in group 
with symptoms 
( observed) 
with symptoms 
( expected) 
1 
2.55 
. 392 
8 
1 
2. 91 
0. 344 
4 
o 
2 . 0 
o 
6 
1 
3 . 00 
. 333 
11 
3 
5 . 0655 I 
·592 I 
10 
2 
.434 
4~ I 
I 
15 . 1145 I 
. 573 
21 
5 
11 .484 
.435 
Less 
than 10 
cig/day 
2 
o 
o 
1 
o 
o 
4 
1 
. 642 
. 321 
, 
1.46 
. 685 
o 
o 
o 
o 
3 
1 
1· 50 
.661 
1 
1 
0. 50 
2. 00 
3 
o 
1. 381 
o 
3 
1 
1. 381 
12 
2 
4. 983 
I 
. 4014 
5 I 
2 
2 . 20 
. 909 
10 cig. 
/day or 
more 
46 
19 
14.166 
1.281 
10 
, 1 
3. 21 
. 3115 
38 
18 
13 . 83 
1. 301 
9 
3 
3. 216 
. 916 
15 
1 
1.5 
. 933 
17 
13 
8. 5 
1.529 
34 
21 
15.66 
1-34 
15 
8 
6. 9075 
1.158 
133 
65 
51 . 756 
1.26 
51 
25 
21. 89 
1 . 142 
Av. 
age 
22 
25 
34 
34 
46 
44 
51 
56 
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Table XXXVl. 
S. P. T. 
IV - DYSPNOEA 
10 cig. I, Age Job Non Less Av . 
Group Smokers than 10 /day or age 
cig/day more 
a)No . in group 19 I 2 46 b)No . with symptoms I 2 0 2 
Clean (observed) 
. 0998 \ 
22 
c )No . with symptoms . 9386 I 2. 272 
( expected) I 
Under blc 2 . 13 I 0 0 . 88 
30 a)No. in group 3 1 10 
b)No . with symptoms I 0 0 0 
Dusty ( observed) 25 
c)No . with symptoms . 148 . 049 . 494 
(expected) 
b/c 0 0 0 
a)No . in group 7 4 38 
b)No . with symptoms 0 0 8 
Clean (observed) 34 
c)No . with symptoms 1.05 0 . 60 5 .70 
( expected) 
30 - 39 b/c __ 0 0 1.403 
--- a)No . in group 8 0 9 
b)No . with symptoms 1 
\ 
0 1 
Dusty ( observed) 34 
c) No. with symptoms 1. 20 0 1.35 
(expected) I t ' b/c 0 . 833 0 . 141 
a)No . in group 4 I 3 I 15 b)No . with symptoms 0 7 
Clean ( obs'erved) I 46 c )No . with symptoms . 784 . 588 2. 94 b/c (expected) 40 - 49. 0 0 2. 381 
a)No . in group 6 
1 
1 17 
b)No . with symptoms 0 0 2 
(observed) I Dusty c )No . with symptoms 1.176 .196 3. 33 44 
( expected) 
b/c 0 0 . 601 
-- -
a)No . in group 11 3 34 
b)No . with symptoms 4 1 18 
Clean (observed) I 57 c)No. with symptoms 5 . 0655 1 . 381 15 . 66 
( expected) 
50 + b~C . 790 . 724 1 . 149 
over a No . in group 10 3 15 
b)No . with symptoms 5 1 6 
Dusty ( observed) 56 c)No. with sympt oms 4 . 605 1. 381 6 . 9075 1 
(expected) I b/c 1. 086 . 724 . 869 
a)No . -+- - -in group 41 12 133 
b)No . with symptoms 6 1 35 
Clean 
c )No. 
(observed ) 
with symptoms 7. 838 2. 669 26 . 572 
All ~BtY b/c ( expected) . 7655 . 375 1.317 , ages a)No . in group 27 5 51 b)No . with symptoms 6 1 9 C)No. . (observed ) w~th symptoms 7. 129 1.626 12 . 08 
b/c 
( expected) 
. 8416 . 615 
. 745 
APPE N DI X 6 
------------~-----
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Clean Jobs Dusty Jobs 
Standard- Standard-
Mean ised S.D. Mean ised S.D. 
Age (years) 40.76 40. 66 40 . 57 40.66 
Height (inches) 66 .42 66.80 67 . 23 66 .80 
Weight (pounds) 162.69 163 .80 165. 10 163 .80 
Tobacco smoked 280 . 04- 296 . 00 313.27 296 .00 
(arbitrary units) 
Tidal volume 0. 645 . 667 0. 690 0 .667 
No . of observations 226 262 
F.R.C. 3 .479 3.512 .839 3 . 579 3. 525 . 955 
Allowing for tobacco 3. 519 3.509 
Y.& 4 . 204 4 . 231 . 835 4 . 213 4 .165 .835 
F .E.V. 2. 873 2. 901 . 807 2.954- 2. 924- .796 
Allowing for tobacco 2.895 2. 929 
M.E. 60.75 60.6% 16 .61 59 . 99 60 .14% 17 .4E 
Allowing for T.V. 61039 59 .35 
The partial regression co-eff icients were calculated on 
mercury computer with the help of Alan Handyside . 
Difference S.E. of 
Clean- dii'ference 
Dirty of means 
- .013 .083 
+ . 010 
.027 .076 
- . 023 .073 
- .034 
. 55% 1.5$ 
2.04% lo5!Jfo = 1.32 
1 
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